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(57) In soft hand over in a code division multi access 
mobile radio communication system, interference in a 
down link caused by transmission from a plurality of 
base stations for one mot»le station, can be restricted. 
Control of transmission power is performed according to 
command from the mobile station only in the base sta- 
tion serving as a primary t>ase station which has mini- 
mum propagation loss with the mobile station during 
soft hand over, and the base stations other than the pri- 
mary base station perform transmission with restricting 
output. In comparison with the transmission power con- 
trol performed t>y the conventional plural t>ase station 
transmission, interference for the peripheral mobile sta- 
tion can be reduced to achieve higher down link capac- 
ity. Also, upon restricting transmission power of the base 
station other than the base stations having small propa- 
gation loss with the mobile station among base station 
group in soft hand over, by moderately attenuating the 
transmission power instead of restricting abruptly, deg- 
radation of the reception quality can be prevented when 
enror is caused in selection of the base station. 
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Description * 

[0001] The present invention relates generally to a 
mobile communication system, and a mobile station 
and a base station to be employed therein. More partic- s 
ularly. the invention relates to a transmission power con- 
trol system in a code divided muiti access (CDMA) 
cellular system, to which soft hand over is applied. 
[0002] In a code divided multi access (COMA) cellular 
mobile telephone system, a base station transmission 
power control technology for controlling a transmission 
power of a signal to be transmitted from a base station 
equipment on the basis of a power control information 
from a mobile station equipment, is employed. Figs. 30 
and 31 are illustrations respectively showing control 
blocks of a mobile station and a base station for explain- 
ing the conventionally typical base station transmission 
power control method In the CDMA cellular wobWe tele- 
phone system. 

[0003] At first, discussion will be given for a control for 
transmitting the power control information from the 
mobile station equipment with reference to Fig. 30. In 
the mobile station, a transmission signal to be transmit- 
ted from the base station is received and demodulated 
by a transmission/reception common unit 1 , an RF por- 
tion 2 and a demodulation 3» and a reception quality Rq 
[dB] is measured by a reception quality measuring 
device 4. Here, the reception quality is measured as a 
ratio of a received power of the base station transmis- 
sion signal and unwanted signal power, such as interfer- 
ence and so forth, or a ratio of a received power of the 
base station transmission signal and an arbitrary refer- 
ence received power constant. 
[0004] The received reception quality Rq is compared 
with a required quality Rth by a comparing portion 14. 
When the reception quality Rq is greater than the 
required quality Rth, a transmission power control bit is 
set at "0* in a processing portion 15. Othenwise, the 
transmission power control bit is set at T by a process- 
ing portion 16. The set transmission power control bit is 
inserted in a transmission signal by a transmission 
power control bit inserting portion 17. Also, an overhead 
symbol containing various control information and so 
forth is inserted in an overhead inserting portion 10. 
[0005] A transmission data containing the transmis- 
sion power control bit and an overhead information is 
transmitted to the base station via a spreading portion 
9. a modulator 8 and an amplifier device 7 of the mobile 
station equipment 

[0006] Next, discussion v^ll be given for a ti^nsmis- 
sion power control in the base station on the basis of the 
power control information from the mobile station with 
reference to Fig. 31. A reception signal including vari- 
ous data or various control information from the mobile 
station is received and demodulated via a transmis- 
slon/i'eception common unit 21. an RF portion 22, a 
down converter 23, a despreading portion 24 and a 
reception data demodulator 25. Then, the transmission 
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power control bit is extracted in the transmission power 
control bit detector 31. 

[0007] The extracted transmission power control bit is 
judged whether the value thereof is "1" or not in a 
processing portion 32. If the transmission power control 
bit is "1", a fixed transmission power control amount AP 
is added for a current transmission power control signal 
Pcti in a processing portion 33. Othenwise, the fixed 
transmission power control amount A P is subtracted. A 
transmission spreading RF signal 28 is amprrfied by a 
variable amplifier 29 taking the cun-ent transmission 
power control signal Pcti as a control value and trans- 
mitted to the mobile station via the transmission/recep- 
tion common unit 21 . 

[0008] As set forth above, by the transmission power 
control according to the transmission power control 
block diagram, the base station transmission power 
control, in which the reception quality in the mobile sta- 
tion becomes Rth. can be achieved. 
[0009] In addition to the foregoing transmission power 
control system (hereinafter referred to as "system A'^, 
some ti-ansmission power control systems have been 
irrvented. For example, in a transmission power control 
system (hereinafter referred to as "system B") recited in 
Kikuchi. Higashi, Ono. Technical Report of the Institute 
of Electronics, infdrmatton and Communication Engi- 
neers. RCS96-13, May. 1996, pp 34. right column, links 
1-15. there has been proposed a method, in which all 
of the base station collects communication quality infor- 
mation of all of the connected mobile stations to deter- 
mine a transmission power unitarily so as to achieve a 
required quality. By this metiiod. developing of tiie trans- 
mission power can be completed at high speed to 
restrict occurrence of excessive transmission power 
during a period required for developing the transmission 
power. 

[0010] On the other hand, in the transmission power 
control system (hereinafter referred to as "system C") 
recited in Hamabe, Yoshida. Ushirokawa, Technical 
Report of the Institute of Electronics. Information and 
Communication Engineers. RCS-84, August. 1996, pp 
126, Section 2.1, there has been proposed a method, in 
which distribution amounts of the tiansmission power of 
the base station for respective mobile stations are deter- 
mined by the mobile stations on the basis of a pilot 
reception power, and the base station unitarily deter- 
mines the transmission power for respective mobile sta- 
tions on the basis of the distribution information. Instead 
of seeking for the transmission power control system 
achieving the reception quality at the desired quality in 
respective mobile stations as in the systems A and B, 
this system C is directed only to make the reception 
quality of all of ttie mobile stations uniform. Accordingly, 
while interference restriction effect is considered to be 
lower in comparison with the system A. high precision 
and stable control can be performed as system makes 
reference to the pilot signal transmitted with high power. 
[0011] In the cellular mobile communication, hand 
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over/iin which sonneded base stations are switched, is 
effected according to movement of the mobile station. 
The nrobile station in the CDMA cellular mobile commu- 
nication system, in which all base stations use the same 
frequency simultaneously, interference for other radio 
link has to be minimized by constantly connecting to the 
base station, at which a propagation loss becomes min- 
imum (primary base station), and by performing trans- 
mission power control. However, since certain period is 
required for hand over to new base station, delay in con- 
nection with the primary base station can be caused to 
encounter a drawback in that communication with 
excessive power is inherent. Therefore, a method that 
the mobile station is connected to a plurality of base sta- 
tions to preliminarily take the primary base stations, is 
employed. This method is referred to as soft hand over 
(or soft hand off). 

10012] Concerning the base station transmission 
power control during soft hand over, control system dis- 
closed in Japanese Unexamined Patent Publication No. 
Heisei 9-74378 (hereinafter refered to as "system D"). 
[0013] In the system D, concerning distribution 
method of the transmission power per the base station, 
there has been disclosed three methods, i.e. a method 
effecting distribution for equalizing the reception powers 
from respective base stations in the mobile station, a 
method effecting distribution for making a ratios of the 
reception power from respective base stations in the 
mobile station to be equal to the pilot reception level 
ratio, and a method effecting distribution for making the 
transmission powers of respective base stations equal 
to the ratio of the pilot reception level in the mobile sta- 
tion. 

[0014] On the other hand, a related art relating to the 
base station transmission power control during soft 
hand over has been disclosed in commonly owned U.S. 
Patent Application Serial Na 09/090.013. With the dis- 
closed technology, reception qualities of down signals 
from a plurality of base stations during hand over are 
monitored in the mobile station and a signal designating 
the base station to effect transmission according to the 
result of monitoring is transmitted. Then, in the base 
station, transmission power control of the down trans- 
mission signal to the mobile station is performed 
according to the base station designation signal. 
[001 5J The conventional transmission power control 
system for a down link as represented by the foregoing 
systems A to D. is premised a plural base station trans- 
mission, in which a plurality of base stations perfomi 
transmission simultaneously during soft hand over. The 
soft hand over is an essential technology for realizing 
communication with the base station of the minimum 
propagation loss in an actual system, in which hand 
over control delay cannot be ignored. However, con- 
cerning the down linK since a plurality of the base sta- 
tions has to effect transmission for one mobile station. 
Interference to be caused on the mobDe station can be 
increased. Such problem will be discussed with refer- 



ence to Figs. 32 and 33. 

[0016] Fig. 32 is an illustration showing reception sig- 
nals received t>y respective mobile stations MS-A and 
MS-B located in zones Z-A and Z-B respectively cov- 

5 ered by the base stations BS-A and BS-B in non-soft 
hand over state. In the shown condition, the mobile sta- 
tion MS-A is receiving a desired wave ' of a reception 
power of PTd-A from the connected base station BS-A 
and an interference wave of reception power of PTi-B 

10 from a non-connected base station BS-B. On the other 
hand, the mobile station MS-B is receiving a desired 
wave of a reception power of PTd-B from the connected 
base station BS-B and an interference wave of recep- 
tion power of PTl-A from a non-connected base station 

75 BS-A. A ratio of the desired wave reception power ver- 
sus the interference wave reception power observed by 
the mobile station MS-B becomes PTd-B/PTi-A. Next, 
similarly to Fig. 32, consideration is given for the base 
where soft hand over of the mobile station MS-A and the 

20 base station BS-B. 

[001 7] Fig. 33 shows the reception signals received by 
both mobile stations during soft hand over in the nrwbile 
station MS-A. The mobile station MS-A in soft hand over 
. receives the desired signal of the reception power of 

25 PTd-A from the base station BS-A and the desired sig- 
nal of the reception pcwer of PTd-A* from the base sta- 
tion BS-B, namely two desired signals in total. By 
diversity reception of both desired signal waves in the 
mobile station MS-A, a diversity gain can be obtained. 

30 On the otiier hand, the signal transmitted by the base 
station BS-B for soft hand over with the mobile station 
MS-A. is received as the interference wave in the mobile 
station MS-B. Assuming that the reception power of the 
irrterference wave in the mobile station MS-B is PTi-A*. 

35 the ratio of the desired wave reception power versus the 
interference wave reception power as observed by the 
mobile station MS-B becomes PTd-B/(PTi-A + PTi-A*). 
This IS smaller than PTd-B/PTi-A of the ratio of the 
desired wave reception power versus the interference 

40 wave reception power during non-sift hand over state 
set forth above to cause lowering of reception quality by 
increasing of interference, 

[0018] Lowering of the reception quality can be com- 
pensated in certain extent by also effecting soft hand 

45 over in the mobile station MS-B. However, according to 
M. Soleimanpor and G.H. Freeman, Proceeding of 
IEEE Vehicular Technology Conference, pp. 1 129. right- 
side column, links 15 to 31 , in which increasing amount 
of inteHerence and the diversity gain by site diversity, 

so increasing amount of interference is greater. As a result, 
capacity of the down link is restricted. Similar assertion 
has also be seen in Nakano, Umeda. Ohno. Technical 
Report of the Institute of Electronics, Information and 
Communication Engineers. RCS94-100. pp 71. left col- 

55 umn. links 1 to 8. 

[0019] It should be noted that increasing of interfer- 
ence by the plural base station transmisston of the down 
link set forth above will not raise problem in so-called 
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hard hand over in« which simultaneous communication 
between a plurality of base stations and the mobile sta* 
tion is not performed. In this case, influence of hand 
over period of the base station namely hand over control 
delay can be a problem. According to Furukawa. Com- 
munication Society Conference 1997 of the Institute of 
Electronics, Information and Communication Engineers, 
pp. 264. Chapter 3, it is stated that greater transmission 
power is radiated at greater hand over control delay. 
Hard hand over under a condition where the hand over 
control delay cannot be ignored, is inherently perfbrnrjed 
at an excessive transmission power for the mobile sta- 
tion in formerly connected base station before hand 
over in order to forcedly establish communication with 
the formerly connected base station which is currently 
non-minimum propagation loss base station for the 
mobile station. As a result, interference for the periph- 
eral mobile stations is increased. 
100201 In order to reflect the transmission power con- 
trol signal from the mobile station in the base station 
with high fidelity, the transmission power control signal 
has to be transmitted with small error and small delay 
On the other hand, in order to effectively use the com- 
munication link, it is desirable that a power of the trans- 
mission power control signal is as small as possible. As 
a technology for reducing reception error, there is a 
method of Interleave, error conrection and so forth 
applied for transmission of the signal of voice, data and 
so forth. However, this technology is not applied to the 
transmission power control signal for causing increasing 
of decoding delay or additional information. As a result, 
frequency of occurrence of error of the transmission 
power control signal becomes high in comparison with 
the data signal. Particularly, upon soft hand over, in the 
non-primary base station, in which propagation loss is 
large, reception error becomes large. 
[0021] When reception error of the transmission 
power control signal is caused, the transmission power 
control command from the mobile station cannot be 
reflected well. Thus, the base station is forced to per- 
form communication at inappropriate transmission 
power. This will be discussed v»nth reference to Fig. 34. 
Rg. 34 illustrates variation of the transmission power in 
time PT-A. PT-B and PT-A*. PTB' of respective base sta- 
tion while soft hand over is performed between a certain 
mobile station and two base stations BS-A and BS-B. In 
Fig. 34, a vertical axis represents a transnra'ssion power 
[dBW] of base station and a horizontal axis represents a 
time [sec). 

[0022] As shown in Fig. 34, when reception error is not 
caused in the transmission power control, as illustrated 
by solid links of variation in time transitions PT-A and 
PT-B. the transmission power of both base stations are 
maintained at equal value. On the other hand, when 
reception error is caused in the transmission power con- 
trol signal as illustrated by dotted link of variation in time 
transitions PT-A and PT-B, it can be appreciated that 
lacking of the transmission power is continuously 



caused in PT-A and excessive transmission power is 
continuously caused in PT-B. Particularly, when exces- 
sive transmission power is continuously caused as in 
the variation in time transition PT-B, interference is 
5 caused for the peripheral cells to reduce capacity to be 
received in the system. 

[0023] It is an object of the present inveritibn to obtain 
high down link capacity with restricting increasing of 
interference by plural base station transmission upon 

10 soft hand over. 

[0024] Another object of the present invention is to 
prevent excessive radiation of a transmission power due 
to switching of connection of base stations upon hand 
over, namely due to hand over control delay. 

15 [0025] A further object of the present invention is to 
prevent base station group from transmitting inappropri- 
ate transmission power due to reception error of a trans- 
mission power control signal during soft hand over. 
[0026] A still further object of the present inventk)n is 

20 to prevent inaeasing of interference by a plurality of 
base stations during soft hand over of down link. 
[0027] According to the first aspect of the present 
invention, a base station transmission power control 
system in a code division muiti access cellular mobile 

25 radio communication system comprises a plurality of 
base stations respectively announcing unique pilot sig- 
nals and a mobile station which is capable of simultane- 
ously establishing connection with a soft hand over 
base station group consisted of some of base stations 

30 out of the base stations in the system, wherein the soft 
hand over base station group includes a primary base 
station having minimum propagation loss with the 
mobile station during soft hand over and remaining 
base stations being restricted outputs. 

35 [0028] According to the second aspect of the present 
Invention, a base station transmission power control 
system in a code division multi access cellular mobile 
radio communicatk)n system comprises a plurality of 
base stations respectively announcing unique pilot sig- 

40 nals and a mobile station which is capable of simultane- 
ously establishing connection with a soft hand over 
base station group consisted of some of base stations 
out of the base stations in the system, wherein 

45 the ntobile station detects a communication recep- 
tion quality and a prinriary base station among the 
base stations, receptk>n level of pilot signal of which 
becomes maximum among pilot signals received 
from respective base stations in the soft hand over 

50 base station group, notifies a base station number 
of the primary base station as a transmission power 
control signal for respective of the base stations in 
the soft hand over base station group when the 
communication reception quality is lower than a 

ss desired quality, and notifies a nurrrt)er other than the 
base station number of the base stations in the soft 
hand over base station group when the communi- 
cation reception quality is in excess of the desired 
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equality: ahb 

each base station in the soft hand over base station 
group receives the transmission power control sig- 
nal and being restricted a transmission power when 
a content of the transmission power control signal s 
identifies number other than own base station 
number. 

[0029] According to the third aspect of the present 
invention, a base station transmission power control io 
system in a code division multi access cellular mobile 
radio communication system comprises a plurality of 
base stations respectively announcing unique pilot sig- 
nals and a mobile station which is capable of simultane- 
ously establishing connection with a soft hand over is 
base station group consisted of some of base stations 
out of the base stations in the system, wherein 

the mobile station detects a communication recep- 
tion quality and a primary base station among the 20 
base stations, reception level of pilot signal of which 
becomes maximum annong pilot signals received 
from respective base stations in the soft hand over 
base station group, increases and deaeases the 
base station transmission power value managed by 2s 
the mobile station so that the communication recep- 
tion qualrty becomes a desired quality, and trans- 
mits a transmission power control signal consisted 
of a base station number of the primary base sta- 
tion and the base station transmission power value 30 
to the soft hand over base station group, and 
each base station of the soft hand over base station 
group receives the transmission power control sig- 
nal, setting the base station transmission power 
value managed by the mobile station and contained 3S 
in the transmission power control signal to a trans- 
mission power value of own station when the base 
station number contained in the transmission power 
control signal is consistent with own base station 
number, and sets the transmission power value of 40 
own station at a restricted transmission power value 
when the t>ase station number contained in the 
transmission power control signal is not consistent 
with own base station number 

45 

[0030] According to the fourth aspect of the present 
invention, a base station transmission power control 
system in a code division multi access cellular nrx)bile 
radio communication system comprises a plurality of 
base stations respectively announcing unique pilot sig- so 
nals and a mobile station which is capable of simultane- 
ously establishing connection with a soft hand over 
base station group consisted of some of base stations 
out of the base stations in the system, wherein 

ss 

the mobile station detects a communication recep- 
tion quality and a primary base station among the 
base stations, reception level of pilot signal of which 



becomes maximum among pilot signals received 
from respective l>ase stations in the soft hand over 
base station group, sets a power increasing symbol 
in a transmission power control bit when the com- 
munication reception quality does not exceed the 
desired quality, setting a power decreasing symbol 
in the transmission power control bit when the com- 
munication reception quality exceeds the desired 
quality, and transmits the transnnission power con- 
trol bit to the soft hand over base station group and 
intermittently transmitting the primary base station 
number, and 

each base station of the soft hand over base station 
group receiving the transmission power control sig- 
nal which includes a primary base station number, 
and restricting a transmission power of one station 
following to the current timing when the primary 
base station number is not consistent with own 
base station number. 

15. A base station transmission power control sys- 
tem in a code division multi apcess cellular mobile 
radio communication system comprising a plurality 
of base stations respectively announcing unique 
pilot signals and a nx)bile station which is capable 
of simultaneously establishing connection with a 
soft hand over base station group consisted of 
some of base stations out of the base stations in the 
system, wherein 

the mobile station detecting a communication 
reception quality and a primary base station among 
the base stations, reception level of pilot signal of 
which becomes maximum among pilot signals 
received from respective base stations in the soft 
hand over base station group, setting a power 
increasing symbol in a transmission power control 
bit when the communication reception quality does 
not exceed the desired quality, setting a power 
decreasing symbol in the transmission power con- 
trol bit when the communication reception quality 
exceeds the desired quality, transmits a transmis- 
sion power control signal consisted of the transmis- 
sion power control bit or a transmission power 
control signal consisted of the primary base station 
number to the soft hand over base station, and 

each base station in the soft hand over base station 
group receives the transmission power control sig- 
nal, and restricts a transmission power of own sta- 
tion for current and subsequent timing when the 
primary base station number is not consistent with 
own base station number. 

[0031] According to the fiftii aspect of the present 
invention, a mobile station in a code division multi 
access cellular mobile radio communication system 
comprising a plurality of base stations respectively 
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annountfing uniqu6 pilot signals and capable of simulta- 
o neously establishing connection with a soft hand over 
base station group consisted of some of base stations 
out of the base stations in the system, comprises: 

5 

primary base station determining means for deter- 
mining a primary base station having a minimum 
propagation toss during soft hand over; and 
commanding means for commanding restriction of 
a transmission power for the base stations in the io 
soft hand over base station group other than the pri- 
mary base station. 

[0032] According to the sixth aspect of the present 
invention, a mobile station in a code division multi is 
access cellular mobile radio communication system 
comprising a plurality of base stations respectively 
announcing unique pilot signals and capable of simulta- 
neously establishing connection with a soft hand over 
base station group consisted of some of base stations 20 
out of the base stations in the system, comprises: 

means for detecting a primary base station which 
transmits a pilot signal of the maximum reception 
level at the mobile station among received pilot sig- 2S 
nals from the base stations in the soft hand over 
base station group, and 

means for transmitting a transmission power control 
signal consisted of the base station number of the 
primary base station and the base station transmis- 30 
sion power value by increasing and decreasing the 
base station transmission power value managed by 
the mobile station so that the reception quality 
becomes a desired quality. 

35 

[0033] According to the seventh aspect of the present 
invention, a base station in a code division multi access 
cellular mobile radio communication system announc- 
ing a unique pilot signal and is capable of simultane- 
ously establishing connection with a mobile station 40 
together with other base stations in a soft hand over 
base station group consisted of some of base stations, 
comprises: 

transmission power control signal detecting means 45 
for detecting a transmission power control signal 
from the mobile station; and 
transmission power control means for restricting a 
transmission power when a primary base station 
information in the transmission power control signal so 
does not identify own station. 

[0034] According to the eighth aspect of the present 
invention, a mobile station in a code division multi 
access cellular mobile radio communication system ss 
comprising a plurality of base stations respectively 
announcing unique pilot signals and capable of simulta- 
neously establishing connection with a soft hand over 



base station group consisted of some of base stations 
out of the base stations in the system, conprises: 

reception quality detecting means for detecting a 
communication reception quality; primary base sta- 
tion detecting means for detecting pri/nary base 
station which transmits a pilot signal of the maxi- 
mum reception level at the mobile station among 
received pilot signals from the base stations in the 
soft hand over base station group; 
base station transmission power managing means 
for holding a base station transmission power value, 
increasing the base station transmission power 
value when the comnruinication reception quality 
detected by the reception quality detecting means 
does not exceed a desired quality and decreasing 
the base station transmission power value when the 
communication reception quality detected by the 
reception quality detecting means exceeds the 
desired quality; and 

control signal transmitting means for transmitting 
the primary base station information detected by 
the primary base station detecting means and the 
base station transmission power value held in the 
base station transmission power managing means 
as a transmission power control signal to the soft 
harxj over base station group. 

[0035] According to the ninth aspect of the present 
invention, a base station in a code division multi access 
cellular mobile ratio communication system announcing 
a unique pilot signal and is capable of simultaneously 
establishing connection with a mobile station together 
with other base stations in a soft hand over base station 
group consisted of some of base stations, comprises: 

control signal receiving means for receiving a trans- 
mission power control signal from the mobile sta- 
tion; 

control signal separating means for separating a 
primary base station information and a base station 
transmission power value information from the 
transmission power control signal; and 
transmission power control means for performing 
transmission with the base station transmission 
power indicated by the base station transmission 
power value information when the primary base 
station information separated by the control signal 
separating means indicates a base station informa- 
tion of own station, and performing transmission 
with a minimum transmission power when the pri- 
mary base station information detected by the con- 
trol signal separating means does not indicate the 
base station information of own station. 

[0036] According to the tenth aspect of the present 
invention, a mobile station in a code division multi 
access cellular mobile radio communication system 
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comprising a . plurality of base stations respectively 
announcing unique pilot signals and capable of simulta- 
neously establishing connection with a soft hand over 
base station group consisted of some of base stations 
out of the base stations in the system, comprising: $ 

reception quality detecting means for detecting a 
communication reception quality; 
primary base station detecting means for detecting 
primary base station which transmits a pilot signal io 
of the maximum reception level at the mobile sta- 
tion among received pilot signals from the base sta- 
tions in the soft hand over base station group; 
base station transmission power control signal 
determining means for setting a base station trans- is 
mission power control signal for increasing power 
when the communication reception quality detected 
by the reception quality detecting means does not 
exceed a desired quality and setting the base sta- 
tion transmission power control signal for decreas- 20 
ing power when the communication reception 
quality detected by the reception quality detecting 
means exceeds a desired quality; and 
control signal transmitting means for transmitting 
the base station transmission power control signal 25 
determined by the base station control signal deter- 
mining means to the base station group in soft hand 
over or intermittently transmitting a primary base 
station information detected by the primary base 
station detecting means and the base station trans- 30 
mission power control signal determined by the 
base station control signal determining means to 
the base station group in soft hand over. 

[0037] According to the eleventh aspect of the present as 
invention, a base station in a code division multi access 
cellular mobile radio communication system announc- 
ing a unique pilot signal and is capat^le of simultane- 
ously establishing connection with a mobile station 
together with other base stations in a soft hand over 40 
base station group consisted of some of base stations, 
comprises: 

control signal receiving means for receiving a trans- 
mission power control signal from the mobile sta- 45 
tion; 

primary base station information separating means 
for separating a primary base station information 
and a base station transmission power value infor- 
mation from the transmission power control signal; so 
and 

transmission power control means for increasing 
and decreasing a transmission power for current 
and subsequent timing according to the transmis- 
sion power control signal when the primary base 55 
station information is contained in tiie transmission 
power control signal and the primary base station 
information indicates the base Nation information of 



own station and setting the transmission power to a 
minimum transmission power for current arKi sub- 
sequent timing when the primary base station infor- 
mation is contained in the transmission power 
control signal and the primary base station informa- 
tion does not indicate the base station information 
of own station. 

[0038] According to the twelfth aspect of the present 
invention, a mobile station in a code division multi 
access cellular mobile radio communication system 
comprising a plurality of base stations respectively 
announcing unique pilot signals and capable of simulta- 
neously establishing , connection with a soft hand over 
base station group consisted of some of base stations 
out of the base stations in the system, comprises: 

reception quality detecting means for detecting a 
communication reception quality; 
primary base station detecting means for detecting 
primary base station which transmits a pilot signal 
of the maximum reception level at the mobile sta- 
tion among received pilot signals from the base sta- 
tions in the soft hand over base station group; 
base station transmission power control signal 
determining means for setting a base station tians- 
mission power control signal for increasing power 
when the communication reception quality detected 
by tiie reception quality detecting means does not 
exceed a desired quality and setting the base sta- 
tion transmission power control signal for decreas- 
ing power when the communication reception 
quality detected by the reception quality detecting 
means exceeds a desired quality; and 
control signal transmitting means for transmitting 
the base station transmission power control signal 
determined by the base station control signal deter- 
mining means to the base station group in soft hand 
over or regularly transmitting a primary base station 
information detected by the primary base station 
detecting means as the ti'ansmission power control 
signal to the base station group in soft hand over. 

[0039] According to the tiiirteenth aspect of ttie 
present invention, a base station in a code division multi 
access cellular mobile ratio communication system 
announcing a unique pilot signal and is capable of 
simultaneously establishing connection with a mobile 
station together with other base stations in a soft hand 
over base station group consisted of some of base sta- 
tions, comprising: 

conti'ol signal receiving means for receiving a trans- 
mission power control signal from the mobile sta- 
tion; and 

transmission power control means for increasing 
and decreasing a transmission power for current 
and subsequent timing according to the transmrs- 
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sioo power control signal when a primary base sta- 
tion information is contained in the transmission 
power control signal and the primary base station 
information indicates the base station information of 
own station and setting the transmission power to a 5 
minimum transmission power for current and sub- 
sequent timing when the primary base station infor- 
mation is contained in the transmission power 
control signal and the primary base station informa- 
tion does not indicate the base station information 70 
of own station. 

[0040] According to the fourteenth aspect of the 
present invention, a mobile communication system 
connprises: is 

a mobile station; and 

a plurality of base stations adapted for communica- 
tion with the mobile station, one or more base sta- 
tions having propagation loss in communication 20 
with the mobile station smaller than a predeter- 
mined threshold value during soft hand over being 
selected as communication stations, transmission 
power of a base, station group of the base stations 
other than those selected as the communication 2s 
stations being controlled for sequentially attenuat- 
ing toward a predetermined minimum power with a 
given attenuation anwunt. 

[0041 ] According to the fifteenth aspect of the present 30 
invention, a cellular mobile communication system 
including a plurality of base stations and mobile station, 
comprises: 

base station number assigning means for temporar- 3S 
ily assigning base station numbers for a plurality of 
base stations in soft hand over with the mobile sta- 
tion; 

base station selecting means for selecting the base 
station which transmits a pilot signal received by the 40 
mobile station at a maximum reception intensity 
among pilot signals transmitted from the base sta- 
tion in soft hand over; 

transmission power control signal transmitting 
means for using a base station number of the 4S 
selected base station as a transmission power con- 
trol signal to be transmitted to the base station 
group in soft hand over from the mobile station; and 
transmission power control means for controlling 
the transmission power of the base station on the so 
basis of the transmission power control signal, 
the transmission power of the base station other 
than the selected base station being controlled for 
sequentially attenuating toward a predetermined 
minimum power with a given attenuation amount ss 

[0042] According to the sixteenth aspect of the 
present invention, a communication control method in a 



cellular mobile communicatfon system including a plu- 
rality of base stations and mobile station, comprises: 

base station number assigning step of temporarily 
assigning base station numbers for a plurality of 
base stations in soft hand over with th^ mobile sta- 
tion; 

base station selecting step of selecting the base 
station which transmits a pilot signal received by the 
mobile station at a maximum reception intensity 
among pilot signals transmitted from the base sta- 
tion in soft harxj over; 

transmission power control signal transmitting step 
of using a base station number of the selected base 
station as a transmission power corrtrol signal to be 
transmitted to the base station group in soft hand 
over from tine mobile station; and 
transmission power control step of controlling the 
transmission power of the base station on the basis 
of the transmission power control signal, 
the transmission power of the base station other 
than the selected base station being controlled for 
sequentially attenuating toward a predetermined 
minimum power witii a given attenuatfon amount 

[0043] According to tiie seventeentii aspect of ttie 
present Invention, a mobile station in a code division 
multi access cellular mobile radio communication sys- 
tem comprising a plurality of base stations respectively 
announcing unique pilot signals and capable of simulta- 
neously establishing connection with a soft hand over 
base station group consisted of some of base stations 
out of tiie base stations In the system, comprising: 

primary base station determining means tor deter- 
mining a primary base station having a minimum 
propagation loss during soft hand over; and 
transmitting means for sequentially commanding 
attenuation control of transmission power for the 
base stations in the soft hand over base station 
group other than the primary base station, with a 
given attenuation amount. 

[0044] According to the eighteenth aspect of the 
present invention, a base station in a cellular mobile 
communication system temporarily assigned the base 
station number by a mobile station in soft hand over witii 
the mobile station, comprises: 

means for transmitting a pilot signal; 
judgment means for receiving a transmission power 
control signal including a base station number 
selected as base station which transmits a pilot sig- 
nal received by the mobile station at a maximum 
reception intensity among pilot signals transmitted 
from the base station in soft hand over and making 
judgmerrt whether tiie base station number is con- 
sistent with a nunnber assigned to own station or 
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fiot;and 

transmission power control means for performing 
sequential attenuation control of the transmission 
power with a given attenuation amount when the 
base station number and the number of own station 5 
are inconsistent with each other. 

[0045] With the present invention set forth above, 
increasing of interference in the down link due to plural 
base stations transmission causing problem in soft 
hand over, can be avoided by restricting transmission 
power of the base stations other than the primary base 
stations upon soft hand over. On the other hand, under 
the premise of application of soft hand over, connection 
between the mobile station and the minimum propaga- 
tion loss base station can be assured under presence of 
hand over control delay. Accordingly, excessive radia- 
tion of the transmission power of the former base sta- 
tions before hand over due to hand over control delay to 
be a problem in hand over. 

[0046] Also, by moderately attenuating the transmis- 
sion power instead of abruptly restricting upon restrict- 
ing the transmission power of the base stations other 
than the base station having small propagation toss with 
the mobile station among the base station group during 
soft hand over, abrupt lowering of the desired signal 
reception intensity in the mobile station Is rK)t caused 
even when error In selection of the base station Is 
caused. Thus, significant degradation of reception qual- 
ity as observed in the conventional system shown in Fig. 
34 can be prevented. 

[0047] Furthermore, by making the mobile station to 
selected one or several base stations having small 
propagation loss with the mobile station, namely small 
reception error of the transmission power control signal 
as being assigned for transmission, transmission with 
inappropriate transmission power due to receptton error 
of the transmission power control signal can be suc- 
cessfully avoided. Furthermore, the value of virtual 
base station transmission power is indicative of a set 
target value of the transmission output value of the base 
station after communication with minimum transmission 
power without selection of own base station for a while. 
By this, upon switching of the communication station of 
the mobile station, degradation of quality and excessive 
quality can be prevented. 

[0048] On the other hand, instead of all base stations 
during soft hand over, a part of the base stations are 
assigned for transmission to the mobile station to suc- 
cessfully reduce interference of the down link. As a 
result, high down link capacity can be achieved. 
[0049] The present invention will be understood more 
fully from the detailed description given herebeiow and 
from the accompanying drawings of the preferred 
embodiment of the present invention, which, however, 
should not be taken to be limitative to the invention, but 
are for explanation and understanding only. 
[0050] In the drawings: 



Rg. 1 is an illustration showing an embodiment of a 
mobile station according to the present invention; 
Rg. 2 is an illustration showing an embodiment of a 
base station according to the present invention; 
Rg. 3 is an illustration showing an operation of a 
transmission power control infprpiation symbol 
generating portion in the shown embodiment of the 
mobile station; 

Rg. 4 is an illustration showing an operation of a 
transmission power control portion in the base sta- 
tion conesponding to the mobile station shown in 

Rg. 3; 

Rg. 5 is an illustration showing a cellular mobile 
station arrangement for explaining soft handover of 
the present invention; 

Rg. 6 is an illustration showing variation of trans- 
mission power of the base station in time according 
to the present invention; 

Rg. 7 is an illustration showing variation of trans- 
mission power of the t>ase station in time in the prior 
art; 

Rg. 8 is an illustration showing an operation of the 
transmission power control portion of another 
embodiment off the base station corresponding to 
the mobile station shown in Fig. 4; 
Rg. 9 is an illustration showing an operation of tiie 
transmission power control information symbol 
generating portion of another embodiment of the 
mobile station according to the present invention; 
Rg. 10 is an illustration showing an operation of the 
transmission power control portion of another 
embodiment of the base station corresponding to 
the mobile station shown in Fig. 9; 
Rg. 1 1 is an illustration showing an operation of the 
transmission power control information symbol 
generating portion of another embodiment of the 
mobile station of Rg. 9; 

Fig. 12 is an illustration showing an operation of tiie 
transmission power control information symbol 
generating portion of a further embodiment of the 
mobile station according to the present invention; 
Rg. 13 is an illustration showing an operation of the 
transmission power control portion of a further 
embodiment of tiie base station corresponding to 
the mobile station shown in Fig. 12; 
Rg. 14 is an illustration showing an operation of the 
transmission power control information symbol 
generating portion of a further embodiment of the 
mobile station of Rg, 12; 

Rg. 15 is an illustration showing an operation of a 
transmission power control portion of a further 
embodiment of tiie base station shown in Fig. 13; 
Rg. 16 is an illustration showing an operation of the 
transmission power control information symbol 
generatir^ portion of a still further embodiment of 
the mobile station of Figs. 12 and 14; 
Rg. 17 Is an illustration showing an operation of the 
transmission power control portion of a still further 
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embodiment of the base station shown in Rgs. 13 
or 15: 

Fig. 18 is an illustration showing an operation of the 
transmission power control portion of a still further 
embodiment of the base station shown in Figs. 13, s 
15 or 17: 

Fig. 19 is an illustration showing examples of varia- 
tion of the transmission power PT-A and PT-B in 
time in each base station when the prior art is 
applied upon soft hand over between the mobile io 
station and two base stations BS-A and BS-B: 
Fig. 20 is a block diagram of an embodiment of the 
mobile station according to the present invention: 
Fig. 21 is a block diagram of an embodiment of the 
base station according to the present invention; is 
Fig. 22 is an illustration showing a process of the 
transmission power control information symtx>l 
generating portion in the block diagram of Fig. 20: 
Fig. 23 is an illustration showing a process of the 
transmission power control portion In the block dia- 20 
gram shown in Fig. 21 ; 

Rg. 24 is an Illustration showing one example of the 
process of a base station number Information por- 
tion In the block diagram of Rg. 20; 
Fig. 25 is an illustration showing an example of a ss 
transmission power control symbol Spct and an 
actual bit string indicative thereof: 
Fig. 26 is an illustration showing another example of 
the process of the base station number information 
portion in the block diagram of Fig. 20: so 
Fig. 27 is an illustration showing a further example 
of the process of the base station nunnber informa- 
tion portion In the block diagram of Rg. 20: 
Fig. 28 Is an Illustration showing examples of varia- 
tion of the transmission power PT-A and PT-B in as 
time In each base station when tiie present inven- 
tion is applied upon soft hand over between the 
mobile station and two base stations BS-A and BS- 
B; 

Fig. 29 is a chart of format showing a transmission 40 
side of the transmission power control Information 
symbol: 

Fig. 30 is a block diagram of the conventional 
mobile station: 

Fig. 3 1 1s a block diagram showing the conventional 4S 
base station; 

Fig. 32 is an illustration showing a signal received 
by the mobile station in the case where the soft 
hand over is not performed: 

Rg. 33 is an illustration showing a signal received so 
by the mobile station when the soft hand over is 
performed; and 

Fig. 34 Is an illustration showing examples of varia- 
tion of the transmission power PT-A and PT-B In 
time in each base station when the prior art is ss 
applied upon soft hand over between the mobile 
station and two base stations BS-A and BS-B. 



[0051 ] The present invention will be discussed herein- 
after in detail in terms of the preferred embodiment of 
the present invention with reference to the accompany- 
ing drawings. In the following description, numerous 
specific details are set forth in order to provide a thor- 
ough understanding of the present inventt9n. It will be 
obvious, however, to those skilled in the art that the 
present invention may be practiced witiiout tiiese spe- 
cific details. In other instance, well-known structures are 
not shown in detail in order to avoid unnecessarily 
obscure the present invention, 
[0052] One embodiment of a base station transmis- 
sion power control system, a mobile station and a base 
station according to the present Invention will be dis- 
cussed hereinafter. 

[0053] Rg. 1 is an Illustration showing a construction 
of the shown embodiment of the mobile station. The 
mobile station is constructed vwth an RF portion 2 per- 
forming a reception process of a signal received from 
the base station, a demodulation circuit 3, a reception 
quality measuring device 4 detecting a reception quality 
of a received signal and a maximum pilot reception sig- 
nal, a pilot signal reception Intensity measuring device 
5. a maximum pilot reception signal detector 18. a trans- 
mission power control information symbol generating 
portion 12 generating a transmission power confrol 
information of the base station to be Inserted in a signal 
to be transmitted to the base station, a transmission 
information portion 1 1 outputting a transmission signal, 
a transmission power control information symtx)! insert- 
ing portion 17 inserting the transmission power comrol 
information symbol in the transmission signal, a spread- 
ing portion 9 inserting necessary overhead information, 
performing modulation process and tiansmltting. a 
modulator 8. an amplifier device 7 and a transmis- 
sion/reception common unit 1. 
[0054] A transmission signal transmitted from tiie 
base station is received via the transmission/reception 
common unit 1 , tiie RF portion 2 and ttie demodulation 
circuit 3 of the mobile station. A reception quality Rq 
[dB] of the transmission signal is measured by the 
reception quality measuring device 4. On ttie other 
hand, a pilot signal radiated from each base station and 
Included In tiie output of ttie RF portion 2 is received tiie 
maximum plot reception signal detector 18 via tiie pilot 
signal reception Intensity measuring device 5. In the 
maximum pilot reception signal detector 18, an index 
Bpmi of the base station having the minimum propaga- 
tion loss and transmitting the pilot signal having the 
maximum reception power, is detected. Here, as the 
base station index, when number of base stations of tiie 
maximum soft hand over, mutually distinct numbers 
among 1 to n are assigned for respective base stations 
associated wttti soft hand over. 
[0055] The reception quality Rq and the minimum 
propagation loss base station index Bpmi are input to 
the tiansmission power control information symbol gen- 
erating portion 12. In the transmission power control 
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infocmation symbol generating portion 12, a transmis- 
sion power control information symbol Spot designating 
a transmission signal level for the base station is gener- 
ated. The transmission power control information sym- 
bol Spci is inserted in the transmission signal output 5 
from the transmission information portion 11 in the 
transmission power control information symbol inserting 
portion 17. Furthermore, the transmission signal of out- 
put of the overhead inserting portion 10 is inserted an 
overhead information in the overhead inserting portion 10 
10. The transmission signal containing the transmission 
information, the transmission power control information 
and the overhead information is transmitted toward the . 
base station via the spreading portion 9, the modulator 
8. the amplifier device 7 and the transmissionA'eception 75 
common unit 1. 

[0056] Fig. 2 is an illustration showing a construction 
of the shown embodiment of the base station. The base 
station performs demodulation process or so forth of the 
signal received from the mobile station. The base sta- 20 
tion is constructed with an RF portion 22, a frequency 
down converter 23, a despreading portion 24, a recep- 
tion data demodulator 25, a transmission power control 
symbol detector 26 extracting the transmission power 
control information determining an output level of the 2S 
RF signal transmitted from the base station from the . 
reception signal, a transmission power control portion 
27. a transmission spreading RF signal portion 28 out- 
putting the transmission signal containing the pilot sig- 
nal to be transmitted to the mobile station, a variable 30 
output amplifier 29 controlling output level of the trans- 
mission signal on the basis of the transmission power 
control information and a transmission/reception com- 
mon unit 21. 

[0057] The transmission signal containing the trans- 35 
mission power control information transmitted from the 
mobile station is input to the transntission power control 
symbol detector 26 via the transmission/reception com- 
mon unit 21, the RF portion 22. the frequency dovm 
converter 23, the despreading portion 24 and the recep- 40 
tion data demodulator 25. The transmission power con- 
trol symbol detector 26 detects a transmission power 
control information Spcr. The transmission power con- 
trol information Spcr is input to the transmission power 
control portion 27. Then, the transmission power control 45 
portion 27 sets the output level [dBW| of the variable 
output amplifier 29 at a control value Pcti on the basis of 
the transmission power control information Spcr. 
[0058] The transmission signal to the mobile station 
output from the transmission spreading RF signal por- so 
tion 28 is amplified by the variable output amplifier 29 
which is controlled by the signal PctI and is transmitted 
toward the mobile station via the transmission/reception 
comnnon unit 21. 

[0059] Figs. 3 and 4 are flow diagrams showing one 55 
enribodiment of signal processing of the transmission 
power control information symbol generating portion 12 
of the mobile station and the transmission power control 



portion 27 of the base station in the base station trans- 
mission power control system according to the present 
invention. 

[00601 At first, discussion will be given for operation of 
the transmission power control information symbol gen- 
erating portion 12 in the mobile station §hown in Fig. 3. 
The reception quality Rq measured in the mobile station 
is compared with a quality threshold value Rth [dB] in 
control step PA001 . As a result of comparison, if Rq > 
Rth, the transmission power control information symbol 
Spct is set to 0 at control step PA002. Othenwise, Spot is 
set equal to Bpmi at control step PA003 to output any 
one of the transmission power control information sym- 
bols Spct is output at control step PA004. 
[0061] Next, discussion will be given for operation of 
the transmission power control portion 27 in the base 
station shown in Rg. 4. The transmission power control 
information Spa detected by the transmission power 
control symbol detector 26 is judged whether it is set to 
0 at control step CB001 . If the transmission power con- 
trol information Spcr is not 0, a transmission power con- 
trol amount APu [dB] is added to a current base station 
transmission power Pbsm [dBW] directed toward the 
mobile station which transmits the transmission power 
control information Spcr, at control step CB002. On the 
other hand, if the transmission power control informa- 
tion Spcr is 0, a transmission power control amount 
(power attenuation amount) APd [dB] is subtracted from 
the base station transmission power Pbsm at control 
step CB003. 

[0062] When APu is added to the base station trans- 
mission power Pbsm is added at the control step 
CB002, check is performed whether the transmission 
power control information Spcr and the index number of 
the own base station are consistent with each other or 
not at step CB004. If the transmission power control 
information Spcr and the index number of the own base 
station are consistent with each other, transmission flag 
Fst is set to 1 at control step CB005. On the other hand, 
if the transmission power control information Spcr and 
the index number of the own base station are not con- 
sistent with each other, the transmission flag Fst is set 
to 0 at control step CB006. Here, the initial value of the 
transmission flag Fst is 0, and is constantly held until 
being varied subsequently. 

[0063] When APu is subtracted from the cun-ent base 
station transmission power Pbsm at control step 
CB003. the value of the transmission flag Fst is held as 
the preceding value. 

[0064] Then, at control step CB007, the control value 
PctI [dBW] of the variatde output amplifier 29 shown in 
Fig. 2 is derived through the following formula: 

PctI <- Pbsm X Fst + Pmin x (1 - Fst) (1) 

wherein Pmin [dBW] represents a minimum 
transmission power in the base station. 
[0065] The control value PctI obtained through the 
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foregoing formula Xl) at control step CB007 is output to 
the variable output amplifier 29. Then, the base station 
transmission power is controlled to the control value PctI 
[dBW] by the variable output amplifier 29. 
[0066] Operation of the base station transmission s 
power control during soft hand over in the shown 
embodiment of the base station transmission power 
control s/stem will be discussed with reference to Rgs. 
5. 6 and 7. 

[0087] As shown in Fig. 5, the mobile station MS in lo 
motion in a Cus direction is assumed that is performing 
soft hand over with three base stations BS#1 . BS#2 and 
BS#3. The mobile station MS has the construction 
shown in Fig. 1 and constantly transmits the transmis- 
sion power control information symbol Spot toward the is 
base stations BS#1 to BS#3 in the method shown In Fig. 
3. On the other hand, each of the base stations BS#1 to 
BS#3 has a construction shown in Fig. 2. The output if 
the variable output amplifier 29 is controlled to the con- 
trol value PctI in the method shovm in Fig. 4. Here, the 20 
power increasing amount APu and the power attenua- 
tion amount APd become equal value. 
[0068] When the shown endxxliment of the transmis- 
sion power control method is applied, variation of the 
transmission power in time of the base stations 6S#1 to 25 
BS#3 toward the mobile station MS is as illustrated by 
solid link in Fig. 6. P-BS#1. P-BS#2 and P-BS#3 
respectively show variation of the transmission power in 
time of respective base stations BS#1 , BS#2 and BS#3. 
In Rg. 6. the vertical axis represents the base station 30 
transmission power [dSWj and the fiorlzontal axis rep- 
resents a time [sec]. 

[0069] In the shown embodiment of the transmission 
power control method as Illustrated in the time depend- 
ent variation P-BS#2 shown by the solid link in Fig. 6, 35 
during a period from a time TO [sec) to a time T1 [sec], 
only base station BS#2 performs transmission and base 
stations BS#1 and BS#3 perform transmission at mini- 
mum transmission power. On ttie other hand, during a 
period from the time T1 [sec] to T2 [sec], only base sta- 40 
tion BS#1 performs transmission as shown by time 
dependent variation P-BS#1 , and the base stations BS2 
and BS3 perform transmission at minimum transmis- 
sion power. 

[0070] By the shown embodiment of the transmission 45 
power control method, the primary base station, in 
which the reception level of the pilot signal received by 
the mobile station becomes constantly minimum propa- 
gation loss, is selected depending upon the reception 
level of the pilot signal received by the mobile station. 50 
Then, only primary base station transmits the transmis- 
sion wave and other base stations are restricted output 
of the transmisston wave for si^pressing increasing of 
interference. This nominally equivalent to the condition 
where instant hard hand over having no hand over con- 55 
trol delay is realized. 

[0071] On the other hand. Rg. 7 shows the base sta- 
tion transmisston power in tiie case where the conven- 



tional transmission power control shown in Figs. 30 and 
31 is applied. C-BS#1. C-BS#2 and C-BS#3 represent 
time dependent variation of tine transmission power of 
respective base stations BS#1. BS#2 and BS#3. In tiie 
transmission power control in the conventional method, 
all of the three base stations transmits the equal trans- 
mission power toward the mobile station MS as shown 
in Rg. 7. high interference in comparison w*rth tiie trans- 
mission power control method according to the present 
invention, can be caused in tiie peripheral mobile sta- 
tion. 

[0072] On tiie ottier hand, in ttie sequential t^ase sta- 
tion transmission power control according to designa- 
tion of increasing or decreasing of the power from'^ttie 
mobile station, error should be caused in increasing and 
decreasing conti'ol of the base station transmission 
power by tiie reception enor of the control signal. 
[0073] In the transmission power control according to 
the present invention, even when error is caused in 
increasing and decreasing control of tiie base station 
transmission power, for example, since the transmission 
power is restricted for the base stations other ttian ttie 
primary base station, influence can be made small. 
[0074] Next, anottier embodiment of the base station 
transmission power control system, the mobile station 
and the base stations according to the present invention 
will be discussed. 

[0075] Fig. 8 shows a construction of another embod- 
iment of the base station according to the present inven- 
tion, in which a different construction of the transmission 
power control portion 27 in the base station discussed 
witii reference to Rg. 4 is illustrated. Namely, Fig. 8 illus- 
trates different consti'uction of the tansmission power 
control portion 27 corresponding to the fansmission 
power comrol Information symbol generating portion 12 
shown in Fig. 3. 

[0076] In the shown embodiment, increasing and 
decreasing control of the transmission power of a given 
amount is performed depending upon whether tiie 
transmission power control information symbol Spcr 
from the mobile station is matched viritii the index 
number of own base station or not Variation of the 
tiansmission power of the base station by switching of 
the primary base station can be made as moderate time 
d^endent variation as shown by dotted link in Fig. 6. 
[0077] In the transmission power control symbol 
detector 26 of tiie base station shown in Rg. 2. concern- 
ing the detected transmission power control information 
symbol Spcr. tiie transmission power control informa- 
tion symbol Spcr and the index number of own base sta- 
tion are compared at control step CAOOI. if ttie 
transmission power control information symbol Spcr 
and the index number of own base station are equal to 
each other, the power increasing amount APu [dB] Is 
added to tiie control value PctI [dBW] of the output of 
the variable output amplifier 29 at conti-ol step CAC03. If 
the transmission power control information symbol Spcr 
and tiie index number of own base station are not equal 
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to edch other, process to subtract the power attenuation 
amount APd (dBJ from the control value PctI [dBW] at 
step CA002, Is performed. The resultant vaJue Pet! 
[dBW] of addition or subtraction is output toward the var- 
iable output amplifier 29 at step CA004. In the base sta- 
tion of the shown embodiment, the base station 
transmission power control system according to the 
present invention which enables soft hand over opera- 
tion with the mobile station having the transmission 
power control information symbol generating portion 12 
shown in Fig. 3, is incorporated. 
[0078] Also, as a further embodiment of the mobile 
station and the base station according to the present 
invention, in which the transmission power control infor- 
mation symbol generating portion 12 and the transmis- 
sion power control portion 27 having constructions 
different from the former embodiment, will be discussed 
with reference to Figs. 9 and 10. In the shovwi embodi- 
ment, the mobile station manages the base station 
transmission power value to be transmitted from the pri- 
mary base station to constantly transmit the base sta- 
tion transmission power value and the minimum 
propagation loss base station index. In the transmission 
power control information symbol generating portion 12 
shown in Fig. 9. setting for reflecting a difference 
between the reception quality Rq and the given quality 
threshold value Rth in the base station transmission 
power value is performed. 

10079] At first discussion will be given for the trans- 
mission power control information symbol generating 
portion 12. 

[0080] Rg. 9 is an illustration showing a construction 
of the transmission power control information symbol 
generating portion 12 of the shown embodiment of the 
mobile station. 

[0081 ] At control step P BO0 1 , a value derived by sub- 
tracting the quality threshold value Rth from the recep- 
tion quality Rq [dS] measured in the mobile station is 
replaced with the control amount AA [dB], At control 
step PB002, M is subtracted from the base station 
transmission power mobile station management value 
Pmbs [dBW]. At control step PB003, by combining the 
value of the base station transmission power mobile sta> 
tion management value Pmbs and the minimum propa- 
gation loss base station index Bpmi. the transmission 
power control information symbol Spot is generated. 
Then, the transmission power control information sym- 
bol Spct is output to the transmission power control 
information symtx)l inserting portion 17 shown In Rg. 1 . 
[0082] Next, discussion wilt be given for the transmis- 
sion power control portion 27 in the base station corre- 
sponding to ihe mobile station. 
[0083] Rg. 1 0 is an illustration showing a construction 
of the transmission power control portion 27 of the base 
station corresponding to the transmission power control 
information symbol generating portion 12 shown in Fig. 
9. 

[0084] At first, at control step CC001, tiie minimum 



propagation loss base station index Bpmi and the base 
station transmission power mobile station management 
value Pmbs are separated. Then, at control step 
CC002, check is performed whether the minimum prop- 

5 agation loss base station index Bpmi and the own base 
station index are equal to each other or pot. If Uie mini- 
mum propagation loss base station index' Bpmi and the 
own base station Index are consistent the control value 
Pcti of the variable output amplifier 29 is set as the base 

10 station transmission power mobile station management 
value Pmbs. at control step CC003. Otiienwise, the con- 
trol value Pcti Is set at the minimum base station trans- 
mission power Pmin at control step CC004. 
Subsequentiy. the conti^ol value Pcti is output to the var- 

15 iable output amplifier 29 at control step CC005. 

[0085] By the shown embodiment, since sequential 
transmission power control according to power Increas- 
ing and decreasing command from the mobile station is 
not performed, a problem of accumulation of error in 

20 increasing and decreasing control of the base station 
transmission power which should be caused in the 
former embodiment, can be avoided. 
[0086] Further different construction of the transmis- 
sion power control symbol generating portion 12 in the 

ss mobile station shown in Fig. 9 is illustrated in Fig. 1 1 . In 
tiie shown embodiment similarly to the transmission 
power control symbol generating portion 12 shown in 
Fig. 9. the mobile station constantiy transmit the base 
station transmission power value and the minimum 

30 propagation loss base station index. However, concern- 
ing setting of the base station transmission power value, 
control of Increasing or decreasing of a given power 
control amount to and from the current transmission 
power value is performed depending upon result of 

35 comparison between the reception quality Rq and the 
given quality threshold value Rth. 
[0087] At control step PC001, comparison of tiie 
measured reception quality Rq [dB] and the quality 
threshold value Rth [dB] In the mobile station is per- 

40 formed. When the reception quality Rq is greater than 
the quality threshold value Rth, the power attenuation 
amount APd [dB] Is subtracted from ttie current base 
station transmission power mobile station management 
value Pmbs [dBW] at control step PC003. If the recep- 

45 tion quality Rq is smaller than tiie quality threshold 
value Rth, the power increasing amount APu [dB] is 
added to the current base station transmission power 
mobile station management value Pmbs [dBW] at con- 
ti'ol step PC002. The value of the base station transmis- 

50 sion power mobile station management value Pmbs is 
combined with the minimum propagation loss base sta- 
tion index Bpmi to be output as the transmission power 
control information symbol Spct at control step PCX)02. 
In tiie shown emtxxiiment of the mobile station, the 

55 base station transmission power control system accord- 
ing to the present invention enables soft hand over oper- 
ation with tiie base station having the transmission 
power control portion 27 shown In Fig. 10. is incorpo- 
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rated. ' 

. [0088] A still further embodiment of the mobile station 
and the base station according to the present invention, 
particularly the embodiment. In which the transmission 
power control information symbol generating means 12 s 
and the transmission power control portion 27 are mod- 
ified, will be discussed. The shown embodiment is 
directed to the base station power transmission system 
employing a construction, in which the minimum propa- 
gation loss base station index is constantly transmitted io 
from the mobile station to the base station. In the shown 
embodiment, the minimum prqsagation loss base sta- 
tion index is transmitted intermittently. 
[0089] Fig. 12 shows one embodiment of the mobile 
station intermittently transmitting the minimum propaga- is 
tion loss base station index, and illustrates a construc- 
tion of the transmission power control symbol 
generating portion 12 transmitting the minimum propa- 
gation loss base station index only when variation 
thereof occurs. 20 
[0090] At control step PC001, comparison of the 
reception quality Rq [dB] measured in the mobile station 
and the quality threshold value Rth is made. As a result 
of comparison, if the reception quality Rq [dB] is greater 
than the quality threshold value Rth [dB], a transmission 25 
power control bit Pbt is set to 0 at control step PC002. 
On the other hand, when the reception quality Rq [dB] is 
smaller than the quality threshold value Rth [dB], the 
transmission power control bit Pbt is set to 1 , at control 
step PC003. Next, at control step PC004, reference is 30 
made to the minimum propagation loss base station 
index Bpmi. If the minimum propagation loss base sta- 
tion index Bpmi Is equal to the preceding minimum 
propagation loss base station, the transmission power 
control information symbol Spot is set at a value equal 3S 
to Pbt. Then, transmission power control information 
symbol Poet of one bit is output to the transmission 
power control information symbol inserting portion 1 7 of 
Fig. 1 . On the other hand, when the minimum propaga- 
tion toss base station index represents the base station 40 
different from the minimum propagation loss base sta- 
tion, the transmission power control information symbol 
Spct is set according to the following equation (2) to out- 
put the transmission power control information symlDol 
Spct of two or more bits to the transmission power con- 4S 
trol information symbol inserting portion 17 of Fig. 1. at 
control step PC006. 

Spct = 2 x Bpmi + Pbt (2) 

50 

[0091 ] In the shewn embodiment when the minimum 
propagation loss base station is varied, the control bit 
consisted of two or more bits with containing the base 
station index Bpmi in the transmission power control 
information symbol Spct, is transmitted. On the other 55 
hand, when the minimum propagation loss base station 
is not varied, only control bit consisted of one bit is 
transmitted to the base station to reduce transmission 
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amount of the transmission power control information. 
[0092] Fig. 13 is an illustration showing a construction 
of the transmission power control portion 27 in the base 
station according to the present invention correspond- 
ing to the transmission power control information sym- 
bol generating portion 12 shown in Fig. 12? . 
[0093] In the shown embodiment, at control step 
CD001, check is performed whether the transmission 
power control information Spcr is consisted of two or 
more bits or not. If the transmission power control infor- 
mation Spcr is consisted of two or more bits, the control 
bit Pbt and the minimum propagation loss base station 
index Bsi are otytained according to the following equa- 
tions (3) and (4) at control step CD002. 

Pbt = Spcr mod 2 (3) 

Bsi = int (Spcr/2) (4) 

wherein X mod Y is a remainder of division of X 
by Y and int (X) represents cut off integer. The equa- 
tions (3) and (4) are equivalent to a process separating 
two bit control bit. 

[0094] At control step CD002, after obtaining Pbt and 
Bsi, check is performed whether the minimum propaga- 
tion loss base station index Bsi is equal to the own base 
station Index or not at control step CD004. If the mini- 
mum propagation loss base station index Bsi is equal to 
the own base station index, the transmission flag Fst is 
set to 1 at control step CD005. and othenvise. the trans- 
mission flag Fst is set to 0 at control step CD006. Here, 
the initial value of the transmission flag Fst is 0. The 
transmission flag Fst as set is maintained until next 
change. 

[0095] On the other hand, at control step CD001. 
when the transmission power control information Spcr Is 
not consisted of two or more bits, the control bit Pbt is 
set to a value equal to the value of the transmission 
power control information Spa. After control step 
CD003. as the value of the transmission flag Fst. the 
preceding value is used as it is. 
[0096] Next, at control step CD007. check is per- 
formed whether ther control bit Pbt is 0 or not If the con- 
trol bit Pbt is 0, the power attenuation amount APd [dB] 
is subtracted from the base station transmission power 
Pbsm [dBW] at step CD009. If the transmission power 
centre I information Spcr is not 0. the power increasing 
amount APu [dB] is added to the base station transmis- 
sion power Pbsm [dBW] at control step CDOOa The 
control value Pctl [dbw] of the variable output anplifier 
29 is calculated by the equation (1) to be output to the 
anplifier 29 at control step CD010. 
[0097] Rg. 14 shows a yet further embodiment of the 
mobile station intermittentiy transmitting the minimum 
propagation loss base station index, in which the trans- 
mission power control information symbol generating 
portion 12 corresponding to the base station transmis- 
sion power control portion 27 shown in Rg. 13 has dif- 
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feren\ constmction. In the shown embodiment, re/iew of 
the transmission power of the primary base station is 
performed regularly to regularly transmit the minimum 
propagation loss base station index. 
[0098] At control step PD001. comparison of the 
reception quality Rg [dB] measured in the mobile station 
and the equality threshold value Rth is performed. As a 
result of comparison, if the reception quality Rq [dB] is 
greater than the quality threshold value Rth [dB], at con- 
trol step PD002, the transmission power control bit Pbt 
Is set to 0. If the reception quality Rq [dB] is smaller than 
the quality threshold value Rth [dS], at control step 
PD003, the transmission power control bit Pbt is set to 
1. Next, at control step PD004, check is performed 
whether a current timing is a timing for effecting review 
of the primary base station or not. If the current timing is 
the reviewing timing, at control step PD006, the trans- 
mission power control information symbol Spct is set 
according to the foregoing equation (2). If the current 
timing is not the reviewing timing, the transmission 
power control information symbol Spct is set to be equal 
to Pbt at control step PD005. The transmission power 
control information symbol Spct determined at either 
step of PD005 or PD006 is output to the transmission 
power control Information symbol Inserting portion 17 of 
Rg. 1. 

[0099] Fig. 1 5 shows a construction which is differen- 
tiated in the transmission power control portion 27 of the 
base station corresponding to the transmission power 
control information symbol generating portion 12 shown 
in Rg. 12 or 14. In the shown embodiment, as the con- 
trol value PctI of the transmission power, increasing and 
decreasing control of the given power control amount 
for the current control value is performed. 
[0100] At control step CE001. check is performed 
whether the transmission power control information 
Spcr is consisted of two or more bits. If the transmission 
power control information Spcr is consisted of two or 
more bits, the control bit Pbt and the minimum propaga- 
tion loss base station index Bsi are obtained according 
to the foregoing equations (3) and (4) at control step 
CE002. After obtaining Pbt and Bsi at step CE002, 
check is performed whether the minimum propagation 
loss base station index is equal to the own base station 
index or not. When the minimum propagation loss base 
station index Bsi is equal to the own base station index, 
the transmission flag Fst is set at control step CE005. 
Othenwise, the control flag Fst is set 0 at control step 
CE006. Here, the initial value of the transmission flag 
Fst is 0, the value of the set transmission flag is con- 
stantly held as is until next change. 
[0101] On the other hand, when the transmission 
power control information Spcr is judged as being con- 
sisted of two or more bits at control step CE001. the 
control bit Pbt is set at a value equal to the transmission 
power control information Spcr at control step CE003. 
After control step CE003. as the value of the transmis- 
sion flag Fst. the prececfing value is used. 



[0102] Next, check is performed whether Pbt is 1 or 
not at control step CE007. H Pb is 1 . check is performed 
whether Fst is 1 or not at control step CE008. If both of 
the control bit Pbt and the transmission flag Fst are 1 , 

5 the power increasing amount APu [dB] is added to the 
base station transmission power Pbsm [dBW] at control 
step CE009. Othenvise. the power attenuation amount 
A Pd [dB] Is subtracted from the base station transmis- 
sion power Pbsm [dBW] at control step CE010. The 

10 value of base station transmission power Pbsm is 
replaced with PctI and output to the variable output 
amplifier 29. 

[0103] The base station transmission power control 
system according to the present invention is con- 

15 structed by the mobile station having the transmission 
power control information symbol 12 shown in Rgs. 12 
or 14 and the base station having the transmission 
power control portion 27 shown in Figs. 13 or15. 
[0104] As yet further embodiment of the present 

20 invention, a construction, discussion will be given for the 
mobile station and the base station, and more particu- 
larly for the construction, in which the transmission 
power control information symbol generating portion 12 
and the transmission power control portion 27 are differ- 

25 entiated. 

[0105] Fig. 16 is an illustration of the yet further 
embodiment of the mobile station according to the 
present invention, and particularly showing the trans- 
mission power control information symbol generating 

30 portion 12. The shown embodiment is premised to syn- 
chronous operation with the base station and is adapted 
to normally transmit only control information designating 
increasing and deaeasing of the transmission power of 
the base station as the transmission power control sig- 

55 nal and regularly transmit only primary base station 
information as the transmission power control signal. 
[0106] At control step PE001. comparison of the 
reception quality Rq [dB] measured in the mobile station 
and the quality threshold value Rth is performed. As a 

40 result of comparison, if the reception quality Rq [dB] is 
greater than the quality threshold value Rth [dB). the 
transmission power control bit Pbt is set at 0 at control 
step PE002. On the other hand, if the reception quality 
Rq [dB] is smaller than the quality threshold value Rth 

45 [dB]. the transmission power control bit Pbt is set at 1 at 
control step PE003. Next, at control step PE004, check 
is performed whether the current timing is the primary 
base station reviewing timing or not. If the current timing 
is the primary base station reviewing timing, the trans- 

50 mission power control information symbol Spct is set to 
be equal to minimum propagation toss base station 
index Bpmi at control step PR006. On the other hand. If 
the current timing is not the primary base station review- 
ing timing, the transmission power control Information 

55 symbol Spct is set to be equal to Pbt at control step 
PE005. The transmission power control information 
symbol Spct determined at control step PE005 or 
PE006 is output to the transmission power control infdr- 
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mation symbol inserting portion 17 of Fig. 1 . 
[01 07] Fig. 1 7 is an illustration showing a construction 
of the transmission power control portion 27 in the base 
station according to the present invention correspond- 
ing to the transmission power control information sym- s 
bol generating portion 12 shown in Fig. 16. In the shown 
embodiment, transmission power restriction control Is 
performed in synchronism with the primary base station 
information to be regularly transmitted from the mobile 
station to output the control value Pctl. io 
[0108] At first, at control step CF001. check Is per- 
formed whether the current timing is the primary base 
station reviewing timing. Here, the reviewing timing of 
the primary base station of respective mobile station 
and the base station are established synchronization is 
with each other. When the current timing is judged as 
primary base station reviewing tinrdng as checked at 
control step CF001. the transmission power control bit 
Pbt is set to be equal to the transmission power control 
information symbol Spcr at control step CF003. Then, at 20 
control step CF007, check is performed whether Pbt is 
0 or not. If Pbt is 0, the power attenuation amount APd 
[dB] is subtracted from the base station transmission 
power Pbsm [dBW] at control step CF009. If Pbt is not 
0. the power increasing amount A Pu [dB] is added to 25 
the base station transmission power Pbsm [dBW| at 
control step CF008. 

[01 09] After determining the base station transmission 
power Pbsm at control step CF005 or CF006. the con- 
trol value Pctl [dBW] of the variable output amplifier is 30 
derived by the foregoing formula (1) at control step 
CF010 for outputting the control value Pctl to the varia- 
ble output amplifier 29 of Rg. 2. 
[0110] On the other hand, when judgment is made 
whether the current timing is the primary base station ss 
reviewing timing at control step CF001 , the mininmim 
propagation loss base station index Bsi and the trans- 
mission power control information symbol Spcr are set 
to be equal to each other at control step CF002. Also, 
check is performed whether Bsi is equal to the own 40 
base station index at control step CF004. When judg- 
ment is made that Bsi is equal to the own base station 
index, the transmission flag Fst is set at 1 at control step 
CF005. Otherwise, Fst is set at 0 at control step CF006. 
Here, the Initial value of the transmission flag Fst is 0 45 
and the set transmisston flag is maintained as is until 
occurrence of next change. 

[01 1 1 ] After determination of the transmission flag Fst 
at control step CF005 or CF006. the control value Pctl 
[dBW] of the variable output amplifier 29 is derived by so 
the foregoing formula (1) at control step CF010. Then, 
Pctl is output to the variable output amplifier 29 of Fig. 2. 
[0112] Fig. 18 shows an another embodiment of the 
base station of the present invention. The shown 
embodiment is particulariy differentiated in the trans- ss 
mission power control portion 27 corresponding to the 
transmission power control shown in Fig: 16. The shown 
embodiment is adapted to perform increasing and 



30 

decreasing control for the control value Pctl of the trans- 
mission power with a given power control amount rela- 
tive to the current control value. 
[0113] At control step CGC01. check is performed 
whether the current timing is the primary base station 
reviewing timing or not. Here, the primary iJase station 
reviewing timings in respective of the mobile station and 
the base station are assumed to be synchronized with 
each other. At control step CG001, if the current timing 
is judged as the primary base station reviewing timing, 
the minimum propagation loss base station index Bsi is 
set equal to the transmission power control information 
symbol Spcr at control step CG002. Also, at step 
CG004, check is performed whether the base statiion 
index of own station is equal to BSI. If judgment is made 
that BSi is equal to the base station index of own sta- 
tion, the transmission flag Fst Is set to 1 at control step 
CG005, and othenvtse. the transmission flag F^t is set 
to 0 at control step CG006. Here, the initial value of the 
transmission flag Fst is 0. and set transmission flag is 
maintained until next change. 

[01 1 4] After determination of the transmission flag Fst 
at control step CG005 or CG006, the control value Pctl 
[dBVVj of the variable output amplifier 29 is set equal to 
Pbsm at control step CG011. Then, the control value 
Pctl is output to tiie variable output amplifier 29 of Fig. 
2. 

[01 1 5] On the other hand, at control step CG001 . if tiie 
current timing is not judged as the primary base station 
reviewing timing, the transmission power control bit Pbt 
is set to be equal to the transmission power control 
information symbol Spcr at control step CX3003. Check 
is performed whether Pbt is 1 or not at control step 
CG007. 

[01 16] If judgment is made that Pbt is not 1 at control 
step CG007, the power attenuation amount APd [dB] is 
subtracted from the base station transmission power 
Pbsm at control step CG010. On the other hand, if 
judgement is made that Pbt is 1 at control step CG007, 
check is performed whether the transmission flag Fst Is 
1 or not at control step CG008. If Fst is not 1 , the power 
attenuation amount APd [dB] is subtracted from the 
base station transmission power Pbsm at control step 
CX3010. On the other hand, when Fst is 1, the power 
increasing amount APu [dB] is added to the base station 
transmission power Pbsm [dBW] at control step CG009. 
After determination of the transmission flag Fst at con- 
trol step CG009 or CG010. the control value Pcti [dBW] 
of the variable output amplifier 29 is set to be equal to 
Pbsm. Then, Pctl is output to the variable output ampli- 
fier 29 of Fig. 2. 

[0117] The base station transmission power control 
system according to the present invention is con- 
structed whh the mobile station having tiie transmission 
power control information symbol generating portion 12 
shown in Fig. 16 and the base station having the trans- 
mission power control portion 27 shown in Figs. 1 7 and 
18. 
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10118] Wifh transrrtssion power control method 
according to the present Invention, by restricting output 
of the base stations other than the primary base station, 
In which the propagation loss with the mobile station is 
minimum. Interference for the peripheral mobile stations 
can be reduced in comparison with the conventional 
transmission power control method. As a result, high 
down link capacity can be obtained. 
[0119] On the other hand, by restricting the transmis- 
sion power of the base stations other than the primary 
base station during soft hand over, increasing of inter- 
ference of down link due to a plural base station trans- 
mission which raises problem of soft hand over, can be 
avoided. 

[0120] Furthermore, since the transmission power 
control system according to the present Invention is 
premised to application of soft hand over, connection 
between the mobile station and the minimum propaga- 
tion loss base station is guaranteed even when hand 
over control delay is present. Accordingly, transmission 
of the excessive transmission power of the former base 
station connected before hand over due to hand over 
delay, can be avokded. 

[0121] In the foregoing transmission power control 
system according to the present invention, in order to 
realize selection of the primary base station, the mobile 
station uses the base station number of the primary 
base station as the transmission power control signal. 
When increasing of the transmission power is to be 
demanded to the base station, the mobile station trans- 
mits the base station number of the primary base sta- 
tion. On the other hand, when decreasing of the 
transmission power is to be demanded, the mobile sta- 
tion transmits a dedicated number. On the other harxJ, 
during soft hand over, each base station increases 
transmission power when the own base station number 
is transmitted, and deaeases otiienvise. Particularly, 
when the base station number other than own base sta- 
tion is tiansmitted. tiie transmission power is restricted 
to the minimum power abruptly. 
[01 22] Next, observation is made for the case of trans- 
mission power control according to the system accord- 
ing to the present invention. Soft hand over is essential 
technology for realizing communication with the mini- 
mum propagation loss base station in the real system, 
in which hand over control delay cannot be ignored. 
Con^.erning the down link, since a plurality of base sta- 
tions have to perform transmission to one mobile sta- 
tion, interference for tiie mobile station Is inherently 
Increased. As can be dear from comparison of Figs 19 
and 34. all base stations are constantiy perfomning 
transmission during soft hand over in the conventional 
transmission power control system with taking the base 
station transmission power of Rg. 34, whereas, in the 
shown en*odiment. only minimum propagation loss 
base station performs transmission and other base sta- 
tions are restricted the transmission power to the mini- 
mum transmission power. By this, the problem of 



increasing of interference by the plural base station 
ti'ansmission as in the soft hand over, can be success- 
fully avoided. 

[0123] However, the shown embodiment of the sys- 

5 tern, in which the serial number of the primary base sta- 
tion is utilized as the transmission power^control signal, 
causes bttot in selection of the base station when 
reception error is caused in the transmission power con- 
trol signal. Then, as in the timing TO* [sec] and TV [sec] 

10 of the dotted link in Fig. 19, the state where the trans- 
mission powers of both of the base stations become 
minimum transmission power, is frequentiy caused. 
This phenomenon Is considered to be caused by abrupt 
restriction of the output to the minimum transmission 

75 power value when the base station number identifying 
the base station other than own base station is received 
as the transmission power control signal. Namely, it Is 
frequentiy caused that, despite of the fact that when 
reception error in reception of the transmission power 

20 control signal is caused, the base station number of own 
base station is transmitted, the base station erroneously 
make judgment that the base station number of other 
base station is transmitted to make all base stations to 
transmit the minimum transmission power during soft 

25 hand over as dbserved in Ftg. 19. In this case, in the 
mobile station, reception quality is signlficantiy 
degraded due to lowering of tiie reception intensity of 
the desired signal. 

[01 24] A further embodiment of the present invention 
30 for solving the foregoing problem will be discussed 
hereinafter. Referring to Fig. 20, the transmission signal 
transmitted from the base station is received via the 
transmission and reception common unit 1. the RF por- 
tion 2 and the demodulation circuit 3. and is measured 
35 the reckon quality Rq [dB] by the reception quality 
measuring unit 4. The reception quality obtained via the 
demodulation circuit 3 and the reception quality meas- 
uring unit 4 represents composite quality of the signal 
from a plurality of base stations during soft hand over. 
40 On the otiier hand, the pilot signal transmitted from 
each base station and contained in the output of the RF 
portion 2 during soft hand over is measured the pilot 
reception intensity Pr, i in the pilot signal reception 
intensity measuring unit 5. Here, i represents tiie 
45 number of the base station during soft hand over, which 
will be discussed in detail with reference to Figs. 24 to 
27. For ttie base stations, serial integer values starting 
from 1 is assigned during soft hand over. 
[0125] When the base station number equal to differ- 
so ent base station is assigned, a composite value of the 
reception levels of the pilot signals transmitted from the 
respective base stations is taken. Assignment of each 
base station number is determined in the base station 
number information portion 13 with reference to the out- 
55 put value of the RF portion 2 and output as the base sta- 
tion number assignment information BSNCI. 
[01 26] The reception quality Rq and the pilot reception 
intensity Pr,i are Input to the transmission power control 
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Information symbol generating portion 12. The trans- 
■ mission power control information symbol generating 
portion 12 generates the transmission power control 
information symbol Spct for the base station. The trans- 
mission power control information symbol Spct is cou* 5 
pled with the transmission signal output from the 
transmission information portion 1 1 and ttie base sta- 
tion number assignment information BSCl as output of 
the base station number information portion 13, in the 
data coupling portion 6. It should be appreciated that 
when tiie base station number assignment information 
BSNCl is "NULL", coupling of the base station number 
assignment information is not performed. Furthermore, 
the output signal of the data coupling portion 6 is 
inserted the overhead information in the overhead 
inserting portion 10. When the transmission informa- 
tion, the transmission power control information, the 
overhead information and the base station assignment 
information are contained, the transmission signal con- 
taining such information is transmitted to the base sta- 
tion via the spreading portion 9, the modulator 8. the 
amplifier unit 7 and the transmission and reception com- 
mon unit 1 . 

[0127] Fig. 21 is an illusti^tion showing a consti'uction 
of the shown embodiment of the base station. The 
transmission signal containing transmission power con- 
trol information tiansmitted from the mobile station 
shown in Fig. 20 is transmitted to the transmission 
power control symbol detector 26 via ttie transmission 
and reception common unit 21. tiie RF portion 22. the 
frequency down converter 23. the despreading portion 
24, and the reception data demodulator 25. Then, the 
transmission power control symbol detector 26 detects 
the transmission power control information Spcr, The 
transmission power control information Spcr is input to 
the transmission power control portion 27. The trans- 
mission power conf ol portion 27 outputs the control 
value Pcti so tiiat the output level [dBW] of tiie variable 
output amplifier 29 becomes a value reflecting the 
transmission power control information Spcr on the 
basis of the transmission power conU-ol information 
Spcr. The transmission signal to the mobile station out- 
put from the transmission spreaded RF signal portion 
28 is amplified by tiie variable output amplifier 29 con- 
trolled by the signal Pcti and transmitted to tiie mobile 
station via tiie transmission and reception common unit 
21. 

[01281 On the other hand, the output of the reception 
data denrKXiulator 25 is input to tiie base station number 
detector 30. In the base station number detector 30. the 
own base station assignment number i transmitted from 
the mobile station is detected. However, ttie base sta- 
tion number assignment information from the mobile 
station is not transmitted, varying of the base station 
number is not performed. 

[01291 Figs. 22. 23 and 24 are flowcharts of one 
embodiment of signal processing of the transmission 
power control information symbol generating portion 12 



of tiie mobile station, the transmission power conti-ol 
portion 27 of the base station and the base signal 
number information portion 13 in the mobile station. At 
first, in the mobile station shown in Fig. 22. operation of 
the transmission power control information symbol gen- 
erating portion 12 will be discussed. The reception qual- 
ity Rq measured in the mobile station is compared with 
the quality tiireshold value Rth [dB] in control step 
PF001 . As a result of comparison, if Rq > Rth. the trans- 
mission power control information symbol Spct is set to 
a dedicated information "0** representative of power 
decreasing command at control step PF002. Otherwise, 
Spct is set to the base station number i. at which the 
pilot reception intensity Pr.i measured in the pilot signal 
reception intensity measuring unit 5 becomes maximum 
at control step PF003. Then, at confol step PF004, any 
of the transmission power control information symbol 
Spct is output. 

[0130] Next, discussion will be given for operation of 
the transmission power control portion 27 in the base 
station shown in Fig. 23. The transmission power con- 
trol information Spcr detected by the transmission 
power control symbol detector 26 is Judged whether the 
transmission power confol information Spcr Is *'0" at 
control step CH001. If the transmission power control 
information Spcr is not "O", the given power increasing 
amount APu [dB] is added to a current virtual base sta- 
tion transmission power Pbsm [dBVy/] directed to the 
mobile station which transmitted the transmission power 
control information Spcr at control step CH002. On the 
otiier hand, when the transmission power control infor- 
mation Spcr is "0". the given power attenuation amount 
A Pd [dB] is subtracted from the virtual base station 
transmission power Pbsm at conti-ol step CHOCS. It 
should be noted that the value of tiie virtual base station 
transmission power PlDsm is held as the updated value 
in tiie preceding timing. After variation of the virtual 
base station fansmission power Pbsm at contiol step 
CH002 or CH003. Pbsm is resti'icted so that it falls 
within a range of a maximum transmission power Pmax 
arxi the minimum ti'ansmission power Pmin at control 
step CH007. 

[0131] After control step CH007. check is performed 
whether the transmission power control Information 
Spcr is consistent with the base station number of own 
base station at control step CH004. if Spcr is consistent 
with the base station number of the own base station, 
the corrtr ol value Pcti is set so that tiie output of the var- 
iable output amplifier 29 shown in Fig. 21 becomes 
Pbsm at control step CH005. On the other hand, when 
the transmission power control information Spcr is not 
consistent with the base station number of the base sta- 
tion, a control value A Pd. corresponding to the given 
power attenuation amount is subtracted from the control 
value Pcti at control step CH006. The value of the con- 
t^ol value Pcti is held at a value updated in the preceding 
timing. 

[0132] The control value Pcti obtained at control step 
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CH005 or CHdoe is restricted so that Vne transmission 
power is smaller than the minimum transmission power 
Pmin at control step CH008. Thereafter, the transmis- 
sion power is output to the variable output amplifier 29. 
The base station transmission power is controlled to the 5 
power corresponding to the control value Oct! by the 
variable output amplifier 29. 

[01 33] Next, discussion will be given for an example of 
operation of the base station number information 13 in 
the mobile station shown in Fig. 24. and of assignment 
of the base station number i for the base station per- 
forming soft hand over. At first, at control step NAOOI. 
check is performed whether soft hand over base station 
Is varied or not If variation is not caused, "Null" namely 
nil information is set as the base station number assign- 
ment information BSCNI at control step NA004. On the 
other hand, when judgement is made that the soft hand 
over base station is varied at control step NAOOI. the 
reception intensity of the pilot signal transmitted from 
the new soft hartd over base station is measured from 
the output signal of the RF portion 2 at propagation loss 
measuring step NA002. Furthermore, by this pilot 
reception intensity, propagation losses LSk from the 
mobile station to respective base stations are esti- 
mated. Here, k represents unique base station number 
of the base station during soft hand over. 
[0134] At propagation loss measuring step NA002, 
the propagation loss LSk is input to control step NA003 
for temporarily assigning the base station number i to 
respective base stations k during soft hand over at con- 
trol step NA003. Concerning the base station number 
i = tO , all of the base stations satisfying the following 
formula (5) is assigned. Here. 10 is as number not dedi- 
cated number "0" of the power decreasing command. 

LSk S PMBSth (5) 

wherein PMBSth represents a propagation loss tiiresh- 
old value. 

[0135] When tiie transmission power control informa- 
tion symbol Spct is actually transmitted, a bit sti^ing con- 
sisted of several bits is used. The base station group 
satisfying the foregoing formula (5) is the base station 
group having small propagation loss to the mobile sta- 
tion. Namely, tiiere is high probability that the base sta- 
tion number i = iO of tiiese base station group is 
selected as the transmission power control 'rrformation 
symbol Spct when the mobile station demands increas- 
ing of the transmission power. On the other hand, when 
the mobile station demands decreasing of the transmis- 
sion power, tiie dedicated number "0" for commanding 
deaeasing of tiie power is constantly selected at control 
step PF002 of Rg. 22. Therefore, the transmission 
power control bit string expressing respective of tiie 
l>ase station number i « io of the base station group 
satisfying the foregoing formula (5) and the dedicated 
number "0" representative of the power decreasing 
command is set to have large number of different bits in 



order to prevent erroneous detection the other. 
(01 36] Fig. 25 shows an embodiment of setting of the 
transmission power control bit string to be actually 
transmitted in the case where the base station number 
i = iO and the dedicated number "0" indicative of the 
power decreasing command are used as the transmis- 
sion power control information symbol Spot. Here, the 
ti'ansmission power control bit is assumed to be con- 
sisted of three bits. 

[01 37] For the base station not satisfying the foregoing 
formula (5). mutually distinct base station number i = ij 
is assigned. Here, ij is the number not "0** and not "iO". 
The base station number assignment information 
BSNCl determined at control step NA003 or NA004 is 
input to the data coupling unit 6 shown In Rg. 20. 
[01 38] In the base station transmission power conti'ol 
shown in Rg. 23, the control value PctI of the variable 
output amplifier 29 is continuously attenuated at a rate 
of "APd" unless the base station number of own base 
station is transmitted as the transmission power conf o! 
signal, to reach the minimum transmission power value 
Pmin. Then, the transmission power is maintained at 
tiie minimum transmission power value Pmin. Namely, 
when the mobile station transmits the base station 
number, in order to transmit the base station number of 
the primary base station, the transmission power of 
non-primary base station is maintained at the minimum 
transmission power Pmin. By this, problem of interfer- 
ence which is caused by simultaneous transmission of a 
plurality of base stations, can be avoided to achieve 
high down link capacity. On the other hand, upon 
resti'iction of the transmission power of the base station 
otiier than the primary base station, instead of restirict- 
ing the transmission power abruptiy, the transmission 
power is moderately attenuated at a rate "APd". Thus, 
even when error is caused in selection of the base sta- 
tion, abrupt lowering of the desired reception field inten- 
sity in the mobile station is not caused to prevent 
significant degradation of the reception quality observed 
in the former embodiment shown in Fig. 19 can be pre- 
verrted. 

[0139] Since the virtual base station transmission 
power Pbsm is increased when the base station numt>er 
is transmitted as the transmission power control signal, 
tiie corKlition of tiie minimum transmission power value 
Pmin as Pctl is not maintained for long period. The vir- 
tual base station transmission power Pbsm teaches a 
set target value of the control value Pcti in the case 
where the own base station number is transmitted after 
not transmitting the base station number of own base 
station for a while and serves for preventing degradation 
of quality of the desired signal. The virtual base station 
transmission power Pbsm is maintained at equal value 
in any base station during soft hand over so far as 
reception error is not present in the transmission power 
control signal and its initial values are equal. 
[0140] On the other hand, by assigning the base sta- 
tion number equal to the base station group satisfying 
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the formula (5). transmission by several base stations 
. having small propagation loss including the base sta- 
tion, in which the propagation loss to the mobile station 
becomes minimum, can be achieved. When the trans- 
mission powers transmitted from several base stations 
are controlled at substantially equal value, the signals 
from any base stations are received at substantially 
equal reception intensity in the mobile station to 
improve communication quality. 
[0141 ] Rg. 26 is an illustration showing other embod- 
iment of the base station number information portion 13 
in the mobile station, like elements to those in Rg. 24 
will be identified by tike reference numerals. At first, at 
control step NA001. check is made whether soft hand 
over base station is varied or not. The soft hand over 
base station is not varied at control step NA004, "Null" 
namely nil information is set as the base station number 
assignment information BSNCI at control step NA004. 
When judgment is made that soft hand over base sta- 
tion is varied as checked at control step NA001, the 
base station number i = ij different from each base sta- 
tion is assigned at control step NA008. Here, ij is other 
than dedicated number "0" representative of the power 
decreasing command. The output signal of the RE por- 
tion 2 is not used in the shown embodiment and is ter- 
minated (step NA005). 

[0142] As set forth above, in the shown embodiment, 
since measurement of the propagation loss (NA0Q2) as 
required In the embodiment shown in Fig. 24 becomes 
unnecessary, construction of the mobile station can be 
simplified. 

[0143] Rg. 27 is an illustration showing another 
embodiment of the base station number information 
portion 13 in the mobile station. Like elements to those 
in Rg. 24 will be identified by like reference numerals. At 
first, at propagation loss measuring step NA002. recep- 
tion intensity of the pilot signal transmitted from the 
' base station during soft hand over is measured from the 
output signal of the RF portion 2. Furthermore, on the 
basis of reception intensity of the pilot signal, propaga- 
tion loss LSk from the mobile station to the base station 
In soft hand over is estimated, k is unique base station 
number In soft hand over of all base stations In the sys- 
tem. 

[0144] At control step NA007, check is performed 
whether the base station of the minimum propagation 
loss is varied or not on the basis of the propagation loss 
LSk If the base station of the minimum propagation loss 
is not varied, further check is performed at control step 
NA001 whether the soft hand over base station is var- 
ied. If the soft hand over base station is not varied. "Null" 
namely nil infonrtation is set as the base station number 
assignment information BSNCI at control step NA004. 
[0145] When the base station of the minimum propa- 
gation loss is varied as checked at control step NA007 
or when the soft hand over base station is varied as 
checked at control step NA001. the base station num- 
bers are assigned tenporarily to respective of base sta- 



tions (assigned the base station number k) in soft hand 
over in the similar manner as that at control step NA003 
of Fig. 24. In the embodiment of Fig. 24, only when the 
soft hand over base station is varied, base station 

5 number assignment process is performed. In contrast to 
this, in the shown embodiment of Fig. 27. even when the 
base station of minimum propagation \oss is varied, var- 
iation of assignment of the base station number is per- 
formed. By this, the base station number i = iO which is 

10 difficult to be erroneously detected as the power 
decreasing number "0". can be set for the base station 
having small propagation loss to the mobile station and 
constantly satisfying the foregoing formula (5). Accord- 
ingly, accurate transmission power control becomes 

75 possible. 

[01 46] The operation of the shown embodiment of the 
base station transmission power control system will be 
discussed with reference to Fig. 28. Rg. 28 illustrates 
time transition PTP-A and PTP-B of the transmission 

20 power in each base station in the case where the 
emtsodiment of the base station number information 
portion 13 shown in Rg. 26 is applied. In Rg. 28. the 
vertical axis represents a base station transnnission 
power [dBW] and the horizontal axis represents a time 

25 [sec]. Fig. 28 corresponds to Rg. 34 showing the result 
obtained by the conventional transmission power con- 
trol system and Fig. 19 showing the result of the former 
embodiment. The propagation loss threshold value 
PMBSth is assumed as 1. respective base station 

30 number 1 and 2 are assigned for respective base sta- 
tions BS-A and BS-B during observation period shown 
• in Rg. 28, in which soft hand over base station is not 
varied. In Rg. 28. the solid link shows the case where 
reception error in receiving the transmission power con- 

35 trol signal is not caused and the dotted link shows the 
case where reception error in receiving the transmission 
power control signal is caused. 
[0147] In the shown embodiment of the transmission 
power control method shown in Fig. 28, during a period 

40 from a timing TO [sec] to T1 [sec], the base station BS- 
B exclusively perform transmission as shown by time 
dependent variation PTP-B. Then, the base station BS- 
A performs transmission with minimum transnnission 
power. Upon switching of the base station at the timing 

45 T1, instead of instantly attenuating the transmission 
power of the former base station connected before 
switching to the minimum value, the transmission power 
is moderately attenuated over a period of timing T1 D to 
T1 [sec]. 

so [0148] During the period from T1 to T2 of the time 
dependent variation PTP-B. there Is shown an occur- 
rence of temporary increase of the transmission power. 
This Is caused by erroneous selection of the base sta- 
tion by reception error of the transmission power control 

55 signal. However, the transmission power is quickly 
attenuated, continuous excess or lacking of the trans- 
mission power as observed in Rg. 34. is not observed. 
[01 49] On the other hand, in Rg. 24. the problem that 
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the transmission power of all of the base stations 
become minimum transmission power during soft hand 
over as observed in the former embodiment of Fig. 19, 
can be avoided, and thus occurrence of significant deg- 
radation of the reception quality due to lowering of the 5 
reception intensity of the desired signal in the mobile 
station can be avoided. 

[0150] In the transmission power control method . 
shown in Fig. 19, both of two base stations BS-A and 
BS-B constantly output transmission waves without 10 
restriction. On the other hand, as shown In Fig. 28» in 
the shown embodiment of the transmission power con- 
trol system, one of the base stations is selected 
depending upon the reception level of the pilot signal 
received by the mobile station. Then the selected one of is 
the base station outputs the transmission wave, and 
output of the transmission wave of the other t>ase sta- 
tion is restricted. Namely, by the shown system, a plural 
base station transmission causing problem in down link 
during soft hand over can be avoided to suppress inter* 20 
ference. 

[0151] Another emkxxiiment of transmission method 
of the transmission power control information (TPC) 
symbol Spot generated in the transmission power con- 
trol information symbol generating portion 12 of the 25 
mobile station will be discussed with reference to Fig. 
29. A transmission frame is consisted of four time slots. 
As shown by hatching, the leading time slot is consisted 
of the pilot signal (PILOT), a base station identification 
number information (BS-ID) of two bit as the base sta- 30 
tion index and the transmission information (DATA). On 
the other hand, each of remaining three time slots is 
consisted of the pilot signal (PILOT), two bit transmis- 
sion power control information (TPC) and transmission 
information (DATA). 35 
[0152] The transmission power control information 
(TPC) uses respective two bits of three time slots, 
respectively. On the other hand, the base station identi- 
fication number information (BS-ID) represents one 
base station index with total 8 bits of respective 2 bits of 40 
four time slots as shown by hatching. 
[01 53] By the foregoing embodimertt, upon restricting 
transmission power of the fc>ase station other than the 
base station having small propagation loss with the 
mobile station among the base station group during soft 4S 
hand over, the transmission power is not restricted 
abruptly but is moderately attenuated. Thus, even when 
error is caused in selection of the base station, abrupt 
lowering of reception intensity of the desired wave in the 
mobile station can be avoided. so 
[01 54] On the other hand, instead of assigning trans- 
mission for all base stations during soft hand over, one 
or several base stations are assigned for transmission 
for reducing influence of transmission by inappropriate 
transmission power due to reception error of the trans- ss 
mission power control signal by the effect of spatial 
diversity. On the other hand, when each base station 
manages the virtual base station transmission power 



value and set as set target of the output value of the 
transmission power value in new base station upon 
switching of assignment of tiie base station assigned for 
transmission, degradation of quality or excessive quality 
in the mobile station can be successfully prevented. 
[01 55] Furthermore, by performing transmission to the 
mobile station from limited number of base stations 
instead of ail base stations during soft hand over, inter- 
ference of down link can be eliminated- From tiie result 
set forth above, by application of the transmission 
power control system according to tiie present inven- 
tion, high down link capacity can be achieved. 
[01 56] Although the present invention has been illus- 
trated and desaibed with respect to exemplary embod- 
iment thereof, it should be understood by those skilled in 
the art that the foregoing and various other changes, 
omissions and additions may be made therein and 
tiiereto, without departing from the spirit and scope of 
the present invention. Therefore, the present invention 
should not be understood as limited to the specific 
embodiment set out above but to include all possible 
embodiments which can be embodied within a scope 
encompassed and equivalents tiiereof witii respect to 
the feature set out in tiie appended claims. 

Claims 

1. A base station transmission power conti-ol system 
in a code division multi access cellular mobile radio 
communication system comprising a plurality of 
base stations respectively announcing unique pilot 
signals arxi a mobile station which is capable of 
simultaneously establishing connection with a soft 
hand over base station group consisted of some of 
base stations out of said base stations in the sys- 
tem, wherein said soft hand over base station group 
including a primary base station having minimum 
propagation loss with said mobile station during 
soft hand over arxJ remaining base stations being 
restricted outputs. 

2. A base station transmission power control system 
as set forth in claim 1 . wherein said primary base 
station performs control of a transmission power 
according to a command from said mobile statfon. 

3. A base station transmission power control system 
as set forth in claim 2, wherein said mobile station 
takes one of base stations of said soft hand over 
base station group, in which a reception level of 
received pilot signal is maximum, as said primary 
base station, and controls the transmission power 
of saU primary base station for achieving a desired 
communication reception quality. 

4. A base station transmission power control system 
in a code division multi access cellular mobile radio 
communication system comprising a plurality of 
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bas'e stations' respectively announcing unique pilot 
signals and a mobile station which is capable of 
simultaneously establishing connection with a soft 
hand over base station group consisted of some of 
base stations out of said base stations in the sys- 5 
tern, wherein 

said mobile station detecting a communication 
reception quality and a primary base station 
among said base stations, reception level of 10 
pilot signal of which becomes maximum among 
pilot signals received from respective base sta- 
tions in said soft hand over base station group, 
notifying a base station number of said primary 
base station as a transmission power control is 
signal for respective of said base stations in 
said soft hand over base station group when 
said communication reception quality is lower 
than a desired quality, and notifying a number 
other than the base station number of the base 20 
stations in said soft hand over base station 
group when said communication reception 
quality is in excess of said desired quality; and 
each base station in said soft hand over base 
station group receiving said transmission 25 
power control signal and being restricted a 
transmission power wheri a content of said 
transmission power control signal identifies 
number other than own base station number. 

30 

A base station transmission power control system 
as set forth in claim 4, wherein each base station in 
said soft hand over base station group manages 
two transmission power values including a first 
transmission power value and a second transmis- 3S 
sion power value, decreases said first transmission 
power value when the content of said transmission 
power control signal identifies number other than 
said base station number in said soft hand over 
base station group, increases said first transmis- 40 
sion power value when the content of said transmis- 
sion power control signal identifies any one of said 
base station number in said soft hand over base 
station group, selectively sets one of said first trans- 
mission power value and a minimum transmission 45 
power value as said secord transmission power 
value. se*s said first transmission power value as 
said second transmission power value when the 
content of said transmission power control signal 
identifies own base station number, sets said mini- so 
mum transmission power value as said secorKi 
transmission power value when the content of said 
transmission power control signal identifies said 
base station number in said soft hand over base 
station group other than own base station number, ss 
sets said first transmission power value as said sec- 
ond transmission power value when the content of 
said transmission power control signal identifies 



other than base station number in said soft hand 
over t^se station group and when said first trans- 
mission power value is set as said second transmis- 
sion power value in the preceding time, sets said 
minimum power value as said second transmission 
power value when the content of said tiransmission 
power control signal identifies base station number 
other than the t^ase station number in said soft 
hand over base station group and said minimum 
transmission power value is set as said second 
transmission power value in the preceding time, 
and takes said second transmission power value as 
an output value of a transmission amplifier device. 

6. A base station transmission power control system 
as set forth in claim 4 or 5, wherein each base sta- 
tion of said soft hand over base station group 
inaeases the transmission power when said trans- 
mission power control signal expresses the base 
station number of own base station and decreases 
said transmission power when said transmission 
power control signal doe not express the base sta- 
tion number of own base station. 

7. A base station transmission power control system 
in a code division multi access cellular mobile radio 
communication system comprising a plurality of 
t>ase stations respectively announcing unique pilot 
signals and a mobile station which is capable of 
simultaneously establishing connection with a soft 
hand over base station group consisted of some of 
base stations out of said base stations in tiie sys- 
tem, wherein 

said mobile station detecting a communication 
reception quality and a primary base station 
among said base stations, reception level of 
pilot signal of which becomes maximum among 
pilot signals received from respective base sta- 
tions in said soft hand over t>ase station group, 
increasing and decreasing the base station 
transmission power value managed by said 
mobile station so that said communication 
reception quality becomes a desired quality, 
and transmitting a transmission power control 
signal consisted of a base station number of 
said primary base station and said base station 
transmission power value to said soft hand 
over base station group, and 

each base station of said soft hand over base 
station group receiving said transmission 
power control signal, setting said base station 
transmission power value managed by said 
mobile station and contained in said transmis- 
sion power control signal to a to-ansmission 
power value of own station when said base sta- 
tion number contained in said transmission 



22 



43 



EP 0 936 751 A2 



44 



power control signal is consistent with own 
base station .number, and sets the transmission 
power value of own station at a restricted trans- 
mission power value when said base station 
number contained in said transmission power 5 
control signal is not consistent with own base 
station number. 

8. A base station transmission power control system 
as set forth in claim 7, wherein said mobile station 
increases or decreases said base station transmis- 
sion power In a magnitude oonresponding to a dif- 
ference between said communication reception 
quality and said desired quality. 

9. A base station transmission power control system 
as set forth in claim 7 or 8, wherein said mobile sta- 
tion compares said communication reception qual- 
ity and said desired quality for decreasing said base 
station transmission power value managed by said 
mobile station when said communication reception 
quality exceeds said desired quality and increasing 
said base station transmission power value man- 
aged by said mobile station when said communica- 
tion reception quality does not exceed said desired 
quality. 

10. A base station transmission power control system 
in a code cfivision multi access cellular mobile radio 
communication system comprising a plurality of 
base stations respectively announcing unique pilot 
signals and a mobile station which is capable of 
simultaneously establishing connection with a soft 
hand over base station group consisted of some of 
base stations but of said base stations in the sys- 
tem, wherein 

said mobile station detecting a communication 
reception quality and a primary base station 
among said base stations, rec^ion level of 
pilot signal of which becomes maximum among 
pilot signals received from respective base sta- 
tions in said soft hand over base station group, 
setting a power increasing symbol in a trans- 
mission power control bit when said communi- 
cation reception quality does not exceed said 
desired quality, setUng a power decreasing 
symbol in the transmission power control bit 
when said communication reception quality 
exceeds said desired quality, and transmitting 
said transmission power control bit to said soft 
hand over base station group and intermittently 
transmitting said primary base station number, 
and 

each base station of said soft hand over base 
station group receiving said transmission 
power control signal which includes a primary 
base station number, and restricting a trans- 



mission power of one station following to the 
current timing when said primary base station 
number is not consistent with own base station 
number. 

11. A base station transmission power control system 
as set forth in claim 10, wherein said mobile station 
transmits said transmission power control signal 
consisted of said primary base station number and 
said transmission power control bit to said soft hand 
over base station group only when variation is 
caused in said primary base station determined by 
said maximum pilot reception level, and transmits 
said transmission power control signal consisted of 
only transmission power control bit when variation 
of said primary base station is not caused. 

12. A base station transmission power control system 
as set forth in claim 10 or 11, wherein said mobile 
station transmits the transmission power control 
signal consisted of only transmission power control 
bit to said soft hand over base station group and 
regularly transmits the transmission power control 
signal consisted of said primary base station 
nunrtoer and said transmission power control bit to 
said soft hand over base station group. 

13. A base station transmission power control system 
in a code division multi access cellular mobile radio 
communication system comprising a plurality of 
base stations respectively announcing unique pilot 
signals and a mobile station which is capable of 
simultaneously establishing connection with a soft 
hand over base station group consisted of some of 
base stations out of said base stations in the sys-^ 
tern, wherein 

said mobile station detecting a communication 
reception quality and a primary base station 
among said base stations, reception level of 
pilot signal of which becomes maximum among 
pilot signals received from respective base sta- 
tions in said soft hand over base station group, 
setting a power increasing symbol in a trans- 
mission power control bit when said communi- 
cation reception quality does not exceed said 
desired quality, setting a power decreasing 
symbol in the transmission power control bit 
when said communication reception quality 
exceeds said desired quality, transmits a trans- 
mission power control signal consisted of said 
transmission power control bit or a transmis- 
sion power control signal consisted of said pri- 
mary base station number to said soft hand 
over base station, and 

each base station in said soft hand over base 
station group receiving said transmission 
power control signal, and restricting a transmis- 
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' sion power of own station for current and sub- 
sequent timing when said primary base station 
number is not consistent with own base station 
number. 

5 

14. A system as set forth in claim 10, 11, 12 or 13, 
wherein each base station in said soft hand over 
base station group manages two transmission 
power values including a first transmission power 
value and a second transmission power value. io 
increases and decreases said first transmission 
power value according to said transmission power 
control bit contained in said transmission power 
control signal, sets said first transmission power 
value as said second transmission power value for is 
current and subsequent timing when the primary 
base station number is corrtained in said transmis- 
sion power control signal and said primary base 
station number is consistent with own base station 
number, sets a minimum transmission power as 20 
said second transmission power value for current 
and subsequent timing when said primary base sta- 
tion number Is contained in said transmission power 
control signal and said primary base station 
number is not consistent with own base station 25 
number, and sets said second transmission power 
value as an output value of a transmission amplifier 
device. 

15. A system as set forth in claim 10, 11, 12. 13 or 14 30 
wherein each base station of said soft hand over 
base station group increases and decreases trans- 
mission power for cun'ent and subsequent timing 
according to said transmission power control bit 
contained in said transmission power control signal 3S 
when said primary k>ase station number is con- 
tained in said transmission power control signal and 
said primary base station number is consistent with 
own base station number and decreases said 
transmtssfon power irrespective of said transmis- 40 
sion power control bit for current and subsequent 
timing when the primary base station number is 
contained in said transmission power control signal 
and said primary base station number is not con- 
sistent with own base station number. 45 

16. A mobile station in a code division multi access ce!* 
lular mobile radio communication system compris- 
ing a plurality of base stations respectively 
announcing unique pilot signals and capable of so 
simultaneously establishing connection with a soft 
hand over base station group consisted of some of 
base stations out of said base stations in the sys- 
tem, comprising: 

55 

primary base station determining means for 
determining a primary base station having a 
minimum propagation loss during soft hand 



over; and 

commanding means for commanding restric- 
tion of a transmission power for the base sta- 
tfons in said soft hand over base station group 
other than said primary base station. 

17. A mobile station as set forth in claim 16, wherein 
said primary base station determining means com- 
prises reception quality detecting means for detect- 
ing a reception quality, and primary base station 
detecting means for detecting said primary base 
station which transmits a pilot signal of the maxi- 
mum reception level at said mobile station among 
received pilot signals from said base stations in 
said soft hand over base station group, and said 
commanding means comprises control signal 
transmitting means for transmitting a transmission 
power control signal for said soft hand over base 
station group on the basis of results of detection by 
said reception quality detecting means and said pri- 
mary base station detecting means. 

18. A mobile station as set forth in claim 17, wherein 
said commanding means includes transmission 
power determining means for determining a pri- 
mary base station information detected by said pri- 
mary base station detecting means as said 
transmission power control signal when communi- 
cation reception quality detected by said primary 
base station detecting means does not exceed a 
predetermined quality and determining a base sta- 
tion transmission power decreasing information as 
said transmission power control signal when com- 
munication reception quality detected by said pri- 
mary base station detecting means exceeds said 
predetenrrined quality. 

19- A mobile station in a code division multi access cel- 
lular mobile radio communication system compris- 
ing a plurality of base stations respectively 
announcing unique pilot signals and capable of 
simultaneously establishing connection with a soft 
hand over base station group consisted of some of 
base stations out of said base stations in the sys- 
tem, comprising: 

means for detecting a primary base station 
which transmits a pilot signal of the maximum 
reception level at said mobile station among 
received pilot signals from said base stations in 
said soft hand over base station group, and 
means for transmitting a transmission power 
control signal consisted of the base station 
number of said primary base station and said 
base station transmission power value by 
inaeasing and decreasing said base station 
transmission power value managed by said 
mobile station so that said rec^ion quality 
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becori^es a desired quality. 

20. A base station in a code division multi access cellu- 
lar mobile ratio communication system announcing 

a unique pilot signal and is capable of simultane- s 
ously establishing connection with a mobile station 
together with other base stations in a soft hand over 
base station group consisted of some of base sta- 
tions, comprising: 

transmission power control signal detecting 
means for detecting a transmission power con- 
trol signal from said mobile station: and 
transmission power control means for restrict- 
ing a transmission power when a primary base 
station information in said transmission power 
control signal does not identify own station. 

21. A bSLse station as set forth in claim 20, wherein said 
transmission power control signal detecting means 
comprises control signal detecting means for 
detecting said primary base station information or a 
base station transmission power decreasing Infor- 
mation in said transmission power control signal, 
and said transmission power control means com- 
prises means for restricting the transmission power 
when said primary base station information 
detected by said control signal detecting means 
does not identify own station. 

22. A mobile station in a code division multi access cel- 
lular mobile radio communication system compris- 
ing a plurality of base stations respectively 
announcing unique pilot signals and capable of 
simultaneously establishing connection with a soft 
hand over base station group consisted of some of 
base stations out of said base stations in the sys- 
tem, comprising: 

reception quality detecting means for detecting 
a communication reception quality: 
primary base station detecting means for 
detecting primary base station which transmits 
a pilot signal of the maximum reception level at 
said mobile station among received pilot sig- 
nals from said base stations in said soft hand 
over base station group: 
• base station transmission power managing 
means for holding a base station transmission 
power value, increasing said base station 
transmission power value when the communi- 
cation reception quality detected by said recep- 
tion quality detecting means does not exceed a 
desired quality and decreasing said base sta- 
tion transmission power value when said com- 
munication reception quality detected by said 
reception quality detecting means exceeds 
said desired quality: and 



control signal transmitting means for transmit- 
ting said primary base station information 
detected by said primary base station detecting 
means and said base station transmission 
power value held in said base station transmis- 
sion power managing means a&a transmission 
power control signal to said soft hand over 
base station group. 

23. A base station in a code division multi access cellu- 
lar mobile radio communication system announcing 
a unique pilot signal and is capable of simultane- 
ously establishing connection with a mobile station 
together with other base stations in a soft hafid over 
base station group consisted of some of base sta- 
tions, comprising: 

control signal receiving means for receiving a 
transmission power control signal from said 
mobile station: 

control signal separating means for separating 
a primary base station information and a base 
station transmission power value information 
from said transmission power control signal: 
and 

transmission power control means for perform- 
ing transmission with the base station trans- 
mission power indicated by said base station 
transmission power value information when 
said primary base station information sepa- 
rated by said control signal separating means 
indicates a base station information of own sta- 
tion, and performing transmission with a mini- 
mum transmission power when said primary 
base station information detected by said con- 
trol signal separating means does not indicate 
the base station information of own station. 

24. A mobile station in a code division multi access cel- 
lular mobile radio communication system compris- 
ing a plurality of base stations respectively 
announcing unique pilot signals and capable of 
simultaneously establishing connection with a soft 
hand over base station group consisted of some of 
base stations out of said base stations in the sys- 
tem, comprising: 

reception quality detecting means for detecting 
a communication reception quality: primary 
base station detecting means for detecting pri- 
mary base station which transmits a pilot signal 
of the maximum reception level at said nrwbile 
station among received pilot signals from said 
base stations in said soft hand over base sta- 
tion group: 

base station transmission power control signal 
determining means for setting a base station 
transmission power control signal for inaeas- 
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' ing powetr when said communication reception 
quality detected by said reception quality 
detecting means does not exceed a desired 
quality and setting said base station transmis- 
sion power control signal for decreasing power 5 
when said communication reception quality 
detected by said reception quality detecting 
means exceeds a desired quality; and 
control signal transmitting means for transmit- 
ting said base station transmission power con- 10 
troi signal determined by said base station 
control signal determining means to the base 
station group in soft hand over or intermittentty 
transmitting a prinnary base station information 
detected by said primary base station detecting is 
means and said base station transmission 
power control signal determined by said base 
station control signal determining means to 
said base station group in soft hand over. 

20 

25. A base station in a code division multi access cellu- 
lar mobile ratio communication system announcing 
a unique pilot signal and is capable of simultane- 
ously establishing connection unth a mobile station 
together with other base stations in a soft hand over 2S 
base station group consisted of some of base sta- 
tions, comprising: 

control signal receiving means for receiving a 
transmission power control signal from said 30 
mobile station; 

primary t)ase station information separating 
means for separating a primary base station 
information and a base station transmission 
power value information from said transmission ss 
power control signal; and 
transmission power control means for increas- 
ing and decreasing a transmission power for 
cun^ent and subsequent timing according to 
said transmission power control signal when 40 
said primary base station information is con- 
tained In said transmission power control signal 
and said primary base station information indi- 
cates the base station information of own sta- 
tion and setting the transmission power to a 4S 
minimum transmission power for current and 
subsequent timing when said primary base sta- 
tion information is contained in said ti'ansmis- 
sion power control signal and said primary 
base station information does not indicate the so 
base station information of own station. 

26. A mobile station in a code division multi access cel- 
lular mobile radio communication system compris- 
ing a plurality of base stations respectively ss 
announcing unique pilot signals and capable of 
simultaneously establishing connection witii a soft 
hand over base station group consisted of some of 



base stations out of said base stations in the sys- 
tem, comprising: 

reception quality detecting means for detecting 
a communication reception quality; primary 
base station detecting means for dejecting pri- 
mary base station which transmits a pilot signal 
of the maximum reception level at said mobile 
station among received pilot signals from said 
base stations in said soft hand over base sta- 
tion group; 

base station transmission power control signal 
determining means for setting a base station 
transmission power control signal for increas- 
ing power when said communication reception 
quality detected by said reception quality 
detecting means does not exceed a desired 
quality and setting said base station transmis- 
sion power control signal for decreasing power 
when said communication reception quality 
detected by said reception quality detecting 
means exceeds a desired quality; and 
control signal transmitting means for transmit- 
ting said base station transmission power con- 
trol signal determined by said base station 
control signal determining means to the base 
station group in soft hand over or regularly 
transmitting a primary base station information 
detected by said primary base station detecting 
means as said transmission power control sig- 
nal to said base station group in soft hand over. 

27. A base station in a code division multi access cellu- 
lar mobile ratio communication system announcing 
a unique pilot signal and is capable of simultane- 
ously establishing connection with a mobile station 
togetiier with other base stations in a soft hand over 
base station group consisted of some of base sta- 
tions, comprising: 

conf ol signal receiving means for receiving a 
transmission power control signal from said 
mobile station; and 

transmission power control means for increas- 
ing and decreasing a transmission power for 
current and subsequent timing according to 
said transmission power control signal when a 
primary base station information is contained In 
said transmission power control signal and said 
primary base station information indicates the 
base station information of own station and set- 
ting the transmission power to a mininnum 
transmission power for cunrent and subsequent 
timing when said prinnary base station Informa- 
tion Is contained in said transmission power 
control signal and said primary base station 
information does not indicate the base station 
information of own station. 
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28. *A mobile Communication system comprising: 
a mobile station; and 

a plurality of base stations adapted for commu- 
nication with said mobile station, one or more s 
base stations having propagation loss In com- 
munication with said mobile station smaller 
than a predetermined threshold value during 
soft hand over being selected as communica- 
tion stations, transmission power of a base sta- io 
tion group of said base stations other than 
those selected as said communication stations 
being controlled for sequentially attenuating 
toward a predetermined minimum power with a 
given attenuation amount. 75 



29. A mobile communication system as set forth in 
claim 28, wherein the transmission power of said 
base station group other than those selected as 
said communication stations Is restricted. so 

30. A nnoblle communication system as set forth In 
claim 28. wherein the transmission power of one or 
more base stations those selected as sad commu- 
nication stations is controlled so that a combined 2S 
reception quality in said mobile station becomes 
said given quality. 

31 . A cellular mobile communication system including a 
plurality of base stations and mobile station, com- 3o 
prising: 

base station number assigning means for tem- 
porarily assigning base station numbers for a 
plurality of base stations in soft hand over with 35 
said mobile station; 

base station selecting means for selecting the 
base station which transmits a pilot signal 
received by said mobile station at a maximum 
reception intensity among pilot signals trans- 40 
mitted from said base station in soft hand over; 
transmission power control signal transmitting 
means for using a base station number of the 
selected base station as a transmission power 
control signal to be transmitted to said base 45 
station group in soft hand over from said mobile 
station; and 

transmission power control means for control- 
ling the transmission power of said base station 
on the basis of said transmission power control so 
signal, 

the transmission power of the base station 
other than the selected base station being con- 
trolled for sequentially attenuating toward a 
predetermined minimum power with a given 55 
attenuation amount. 

32. A communication control method In a cellular 



mobile communication system including a plurality 
of base stations and mobile station, comprising: 

base station number assigning step of tempo- 
rarily assigning base station numbers for a plu- 
rality of base stations in soft tiand over with 
said mobile station; 

base station selecting step of selecting the 
base station which transmits a pilot signal 
received by said mobile station at a maximum 
reception intensity among pilot signals trans- 
mitted from said base station in soft hand over; 
transmission power control signal transmitting 
step of using a base station number of the 
selected base station as a transmission power 
confrol signal to be transmitted to said base 
station group in soft hand over from said mobile 
station; and 

transmission power control step of controlling 
the transmission power of said base station on 
the basis of said transmission power control 
signal. 

the transmission power of the base station 
other than tiie selected base station being con- 
trolled for sequentially attenuating toward a 
predetermined minimum power with a given 
attenuation amount. 

33. A system or method as set forth in claim 31 or 32, 
wherein said base statfon number assigning means 
includes means for measuring a propagation loss 
between each base station and said mobile station 
during soft hand over, and assigns equal base sta- 
tion number for one or more base stations having 
propagation loss smaller than a predetermined 
threshold value. 

34. A system or method as set forth in claim 31 or 32, 
wherein said base station number assigning means 
assigns mutually distinct base station number for 
respective base stations during soft hand over. 

35. A system or method as set forth in claim 31 or 32, 
wherein said base station numtser assigning means 
performs re-assignment of said base station 
number when a set of base stations in soft hand 
over IS varied. 

36. A system or method as set forth in claim 31 or 32, 
wherein said base station number assigning means 
performs re-assignment of said base station 
number when a set of base stations In soft hand 
over Is varied or when variation is caused In large 
and small of propagation loss witii said mobile sta- 
tion, respectively. 

37. A system or method as set forth in any one of 
claims 31 to 36. wherein said base station selecting 
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means performs selection of the base station using 
a combined value of reception intensity of said pilot 
signals when equal base station number is 
assigned for a plurality of base stations. 

5 

38. A system or method as set forth in any one of 
claims 31 to 37, wherein said transmission power 
control signal transmitting means transmits a dedi- 
cated number commanding power reduction when 
communication reception quality in said mobile sta- io 
tion exceeds a predetermined quality, and transmits 
the base station number of base station selected by 
said base station selecting means in order to com- 
mand increasing of power when the communication 
reception quality in said mobile station does not is 
exceed said predetermined quality. 

39- A system or method as set forth in anyone of claims 
31 to 37, wherein said transmission power control 
means controls the transmission power of the base so 
station selected by said base station selecting 
means so that the communication reception quality 
in said mobile station satisfies said predetermined 
quality. 

2S 

40. A system or method as set forth in any one of 
claims 31 to 37. wherein said transmission power 
control means restricts transmission power of the 
base station not selected by said base station 
selecting means. 3o 

41. A system or method as set forth in any one of 
claims 31 to 40. wherein said transmission power 
control means includes virtual power management 
means for managing a virtual transmission power ss 
value premised for the case where the base station 

is constantly selected inrespective of selection of 
said base station and transmission power determin- 
ing means for using said virtual transmission power 
value as said transmission power value of the base 4o 
station. 

42. A system or method as set forth in claim 41, 
wherein said virtual power management means 
increases the transmission power when said base 45 
station number transmitted by said transmission 
power control signal transmitting means is the base 
station number of any of the base station in soft 
hand over and decreases otherwise 

so 

43- A system or method as set forth in any one of 
claims 31 to 42, wherein said base station number 
assignment means, said base station selecting 
means and said transmission power control signal 
transmitting means are provided in said mobile sta- ss 
tion and said transmission power control means is 
provided in said base station. 



44. A mobile station in a code division mufti access cel- 
lular mobile radio communication system compris- 
ing a plurality of base stations respectiveiy 
announcing unique pilot signals and capable of 
simultaneously establishing connection with a soft 
hand over base station group consistedl of some of 
base stations out of said base stations in the sys- 
tem, comprising: 

primary base station determining means for 
determining a primary base station having a 
minimum propagation loss during soft hand 
over; and 

transmitting means for sequentially command- 
ing attenuation control of transmission power 
for the base stations in said soft hand over 
base station group other than said primary 
base station, with a given attenuation amount. 

45. A mobile station as set forth in daim 44, wherein 
said primary base station determining means 
includes base station number assigning means for 
temporarily assigning base station numbers for 
base stations in soft hand over and base station 
selecting means for selecting base station which 
transmits a pilot signal received by said mobile sta- 
tion at a maximum reception intensity among pilot 
signals transmitted from said base station in soft 
hand over, and said transmitting means Includes 
transmission power control signal transmitting 
means for transmitting the transmission power con- 
trol signal for sequentially controlling attenuation of 
the transmission power with a given attenuation 
amount for the base station group in soft hand over. 

46. A mobile station as set forth in daim 45, wherein 
said base station number assigning means assigns 
equal base station number for one or more base 
stations in which the propagation loss is smaller 
than a predetermined threshdd value. 

47. A mobile station as set forth in claim 45 or 46. 
wherein said base station number assigning means 
assigns mutually distinct base station numbers for 
respective base stations in soft hand over. 

48. A mobile station as set forth in claim 45 or 46, 
wherein said base station number assigning means 
performs re-assignment of said base station 
number when a set of the base stations in soft hand 
over. 

49. A mobile station as set forth in claim 45 or 46. 
wherein said base station number assigning means 
performs re-assignment of said base station 
number whew set of base stations In soft hand over 
is varied or when large and small relationship of 
propagation loss with respective bases station 
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■number is varied. 

50. A mobile station as set forth in any one of claims 45 
to 49. wherein said base station selecting means 
performs selection of the base station using com- s 
bined value of reception intensities of said pilot sig- 
nals when equal base station number is assigned to 

a plurality of base stations. 

51 . A mobile station as set forth in any one of claims 45 io 
to 50. wherein said transmission power control sig- 
nal transmitting means transmits a dedicated 
number as the transmission power control signal for 
commanding reduction of power when the commu- 
nication reception quality 6 in excess of a predeter- is 
mined quaDty and transmits the base station 
numbers of the base stations selected by said base 
station selecting means for commanding increasing 
power when the communication reception quality is 

not in excess of said predetermined quality. 20 



55. A base station as set forth in daim 52, 53 or 54. 
wherein said transmission power control means 
includes virtual power managing means for manag- 
ing a virtual transmission power value in considera- 
tion of the case where the base station is constantly 
selected irrespective of judgments made by said 
judgment means and transmission power determin- 
ing means for using said virtual transmission power 
value as the transmission power value of the rele- 
vant base station when a certain base station is 
selected. 

56. A base station as set forth in daim 55, wherein said 
virtual power management means increai&es the 
transmission power when said base station number 
is any one of the base station number in soft hand 
over, and decreases otherwise. 



52. A base station in a cellular mobile communication 
system temporarily assigned the base station 
number by a mobile station in soft hand over with 
said mobile station, comprising: 2s 

means for transmitting a pilot signal; 
judgment means for receiving a transmission 
power control signal including a base station 
number selected as base station which trans- so 
mits a pilot signal received by said mobile sta- 
tion at a maximum reception intensity among 
pilot signals transmitted from said base station 
in soft hand over and making judgment 
whether said base station number is consistent 3S 
with a number assigned to own station or not; 
and 

transmission power control means for perform- 
ing sequential attenuation control of the trans- 
mission power with a given attenuation amount 40 
when said base station number and said 
number of own station are inconsistent with 
each other. 



53. A base station as set forth In claim 52, wherein said 45 
transmission power control means controls the 
transmission power so that communication recep- 
tion quality in said mobile station satisfies a prede- 
termined quality when said judgment means makes 
judgment that said base station number is consist- so 
ent with the number of own station. 



54. A base station as set forth in daim 52 or 53. 
wherein said transmission power control means 
restricts transmission power when said base station ss 
number and the number of own station are incon- 
sistent 
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